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PREFACE. 


This volume is a record of scientific and mechanical progress 
during the' past year. 

Scientific societies and scientific journals are now so numerous 
that the workers themselves are well-nigh swamped with the 
flood of papers on all subjects pouring upon them from all 
quarters of the globe ; and general readers have little chance 
of being able to keep at all near the surface of the stream. 
To them the Year-book of Facts, it is to be hoped, will 
render material assistance. 

The subject-matter of those papers which open out fresh 
fields for investigation, or which more fully illustrate known 
facts, are here collected and classified, so that the value of the 
labours of investigators in each branch of science can be readily 
estimated. It is a matter of regi’et that those researches 
which merely extend the knowledge of details (though often- 
times most laborious and praiseworthy for the self- negation 
which is evidenced by undertaking such thankless work) have 
been necessarily either greatly condensed or altogether 
omitted. 

The sketches of the means by which carnivorous plants cap- 
ture their victims, forming the frontispiece, are copied by the 
kind permission of Mr. Charles Darwin from his work on 
‘‘ Insectivorous Plants,^' To him and to many friends fgr much 
assistance I tender my sincere thanks. 


CHARLES W. VINCENT. 
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DISCOVERY OF A NEW METAL, “GALLIUM.” 


The ol^ief scientific event of 1875 was the discovery of a new 
element. On the 27th of August, M. Leooq de Boisbaudran, 
whilst examining with the spectroscope a blende from Pierre- 
fitte mine, in the valley of Argeles, Pyrenees, observed coloured 
bands which were not coincident with those of any of the 
elements : and chemical analysis led him to infer the existence 
of a new metal, to which he gave the name “ Gallium.” In 
December last he succeeded in obtaining gallium in the metallic 
state ; and laid before the French Academy a specimen weighing 
3 '4 milligrams. The number of known elementary bodies thus 
becomes 64, 

The oxide of gallium (perhaps a suboxide) is thrown down by 
metallic zinc in a solution containing chlorides and sulphates* 
Chlorides and sulphates are precipitated by a small quantity 
of ammonia ; but the precipitates are in great part soluble in 
excess of ammonia or ammonium carbonate. If the portion 
insoluble in ammonia be redissolved in hydrochloric acid, and 
the operation repeated, all the gallium may easily be obtained 
in an ammoniacal solution. An ammoniacal solution of gallium 
sulphate or chloride is precipitated by excess of acetic acid, hot 
or cold : if ammonium acetate be used, the solution must be 
heated. Gallium salts are thrown down by ammonium sul- 
phide, even in presence of ammonium acetate, or free acetic 
acid. The sulphide is insoluble in ammonium sulphide. In 
presence of zinc the gallium is concentrated in the first sul- 
phides precipitated, but six successive precipitations do not 
entirely free it from zinc sulphide. The salts are not precipi- 
tated by sulphuretted hydrogen. Barium carbonate precipitates 
gallium carbonate from solutions of the sulphate or offloride, 
even in the cold. 

Gallium sulphate, evaporated and dried till sulphuric acid 
vapour almost entirely ceases to be given off, is still soluble in 
cold water. Acid solution of gallium chloride is precipitated 
by potassium ferrocyanide. , 

M. Boisbaudi^n ha^ obtained an ammonia alum of gallium* 
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This salt is soluble in cold water, but decomposes when the 
solution is heated, unless free acetic acid is added. It crystal- 
lizes in cubes and octrahedra, which present exactly the appear- 
ance of ordinary alum. A small crystal of gallium alum when 
placed in a saturated solution of ammonio-aluminium alum 
determined its crystallization. If there be no error concerning 
the nature of gallium alum, the existence of this salt fixes the 
atomicity of the new element, and places it among the triads.^ 
Its oxide will therefore be GaaOa. 

The electric spectrum of a slightly concentrated solution of 
gallium chloride is very brilliant. The spectrum consists of a 
narrow violet ray, situated at about 417 in the scale of wave 
lengths, and of a less intense ray at 404. The colour of the 
electric spark in gallium chloride is a fine light violet. 

The metal was isolated by a voltaic current from an ammo- 
Uiacal solution of gallium sulphate. Metallic gallium was 
deposited on the platinum plate forming the negative pole 
whilst the positive pole was covered with a whitish pellicle, easily 
detached from the platinum, and which was insoluble in excess 
of ammonia. 

Electrolytic gallium is hard, and can be polished, though 
with great difficulty, by an agate burnisher. The metal th i 
acquires great brightness, and appears somewhat whiter thin 
platinum. When the electric current and the size of the poles 
are properly adjusted a fine silvery deposit is obtained, which is 
found under the microscope to consist of brilliant crystals. 

Gallium is not sensibly oxidized by boiling with water, nor 
when dried in the open air at 200° C. The polished surface, 
however, becomes more or less clouded after a few days^ exposure 
to the air. 

Gallium decomposes water acidulated with hycfrochlorio 
acid, hydrogen being given offi 

The new metal has since been detected by M. Boisbaudran 
in other zinc ores, especially in a transparent blende from San- 
tander ; he believes it will be found in all blendes. The extreme 
sensibility of the spectral reaction caused him at first to over- 
estimate the quantity of gallium present. The earliest experi- 
ment was m^e upon not more than the hundredth part of a 
milligram dissolved in a very small drop of liquid. The spectral 
examination of so small a quantity was rendered possible by 
the reduction of the size of the apparatus for obtaining electric 
specti^ and the adoption of very small sparks. 
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MATHEMATICAL AND PHYSICAL SECTION OF THE 
BEITISH ASSOCIATION, BRISTOL MEETINO. 

Address by Professor BALFOUR STEWART. 

{Abstract.) 


Since the last meeting of the 
British Association, science has had 
to mourn the loss of one of its 
T^ioneers, in. the death of the veteran 
.^gronomer, Schwabe, of Dessau. 

It is now nearly fifty years since 
h'^ ' first began to produce daily 
sL etches of the spots that appeared 
uppn the sun’s surface. Every day 
the sun was visible for 
fc.^ years, he made his sketch of 
1^0 solar disc. At length his un- 
eammpled perseverance met with its 
in the discovery of tho perio- 
dicity of sun-spots. 

A priori we should not have ex- 
pect^ such a phenomenon : for 
wh^e all are ready to acknowledge 
periodicity as oi^e of the natural 
conditions of terrestrial phenomena, 
yet everyone is inclined to ask what 
there can be to cause it in the be- 
haviour of the sun himself. Mani- 
fest^ it can only have two possible 
--"-M. It must either be the out- 
I of some strangely hidden peri- 
U cause residing in the sun 
htetelf, or must be produced by 
bodies, such as planets, 

- somehow in their varied posi- 
on the atmos^diere of the sun. 

^ whether the cause be internal 
uT ext«msl, in ei^er ease we are 
" ^ V of its natiwe. 

fwa hm within, wu are at a loss 


to account for the periodicity of 
solar disturbances ; and if we look 
j without, we are equally at a loss to 
account for their magnitude. Mr. 
Carrington was the next to enter 
the field of solar research. His 
aim was to obtain accurate records 
of tbe positions, the sizes, and ihe 
shapes of the sun-spots. Each sun- 
spot that made its appearance during 
the seven years extending from the 
beginning of 1854 to the end of 1860 
was sketched with the greatest pos- 
sible accuracy, and had also its 
helioCTaphic position, that is to say, 
its smar latitude and longitude, ac- 
curately determined. He then dis- 
covered that sun-spots have a proper 
motion of their own — those nearer 
the solar equator moving faster than 
those more remote : and also that 
there were periodical changes affect- 
ing the disposition of spots in solar 
latitude. 

Before Mr. Carrington had com- 
pleted his labours, celestial j^oto- 
grapby had been introduced oy Hr. 
Warren de la Rue. Under his super- 
intendence in the year 186^ t^e 
first of a ten years* series of aol^ 
hotographs was begi^ at ii^w. 

datev hdwever, he had 
asoertained, by meana of hm pkq/bb^ 
on the 

of 1860, that tha 
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]^ai>minenoes Burrouuding the eclipsed 
stin, belong, without doubt, to our 
Immuaiy himself. 

Proua these observations several 
UZ^rtant conclusions have been ob- 
ifdned. In the first place these 
phobzgraphs confirm the theory of 
Wilson, that the dark portions of 
the sun-spots exist at a level con- 
siderably besAath the general sur- 
face of the sun; in other words, 
they are hollows, or pits, the interior 
of which is of course filled up with 
^e solar atmosphere. The observers 
were led to associate the low tem- 
perature of the bottom of sun-spots 
with the downward carriage of colder 
matter i^m the atmosphere of the 
sun, while the upward rush of heated 
matter was supposed to account for 
thefaculee or bright patches which 
almost invariably accompany spots. 
In the next place they discovered 
traces of the influence of the nearer 
planets upon the behaviour of sun- 
spots. Inis influence appears to be 
cu such a nature, that spots attain 
their maximum size when carried by 
rotation into positions as far as pos- 
sible remote from the influencing 
planet— 'that is to say, into positions 
where the body of the sun is between 
them and the planet. There is also 
evidence of an excess of solar action 
when two. influential planets come 
near together. But it ought to be 
borne in mind that the cause of the 
remarkable period of eleven years 
a quarter, originally discovered 
by Sohwabe, has not yet been pro- 
mady explained. The Kew observers 
nave likewise discovered traces of 
a peculiar oscillation of spots be- 
tiveen the two hemispheres of the 
. mm. 

While the sun’s surface was thus 
examined, the spectroscope 
oametobe .employed as an instib- 
Cient of res^roh. It had already been 
ahrmised by Hrof. Stokes, that the 
of sodium, at a oomp^tively 
low tempezature, forms one of the 
^copatitaeiite bf the solai^ atmoapbere, 


inasmuch as the dark line B in the 
spectrum of the sim coincides in 
position with the bright line given 
out by incandescent sodium vapour. 

Kirchhoff soon found that many 
of the dark lines in the solar spec- 
trum were Coincident with the 
bright lines of sundry incandescent 
metallic vapours. 

The new method soon brought 
forth further fruit when applied m 
the hands of Huggins, Miller, Secchi, 
and others, to the more distant 
heavenly bodies. It was speedily 
found that the fixed stars had con- 
stitutions very similar to that of the 
suu. But a peculiar and unexpected 
success was attained when some of 
the nebulffi were examined spectro- 
scopically. To-day it seems very 
much lixe recalling an’ old super- 
stition, to remind you that until the 
advent of the spectroscope, the irre- 
solvable nebulae were considered to 
I be gigantic and remote clusters of 
I stars, the individual members of 
which were too distant to be sepa- 
rated from each other even with a 
telescojpe like that of Lord Hosse. 
But Mr. Huggins, by means of the 
spectroscope, soon found that this 
was not the case, and that most of 
the nebulae which had defied the 
telescope gave indications of incan- 
descent hydrogen gas. He also 
found that the proper motions of 
some of the fixed stars in a direction 
to or from the earth, might be de- 
tected by means of the displacement 
of their spectral lines. * 

Hp to this time it had not 
been attempted to localise the use 
of the spectroscope so as to ex- 
amine particular districts of the 
sun, as for instance a sun-spot, or 
the red flames. This ajmlication 
was first made by Mr. Ixx?kyer, 
who in 1865 examined a sun-spot 
speotroBcopically, and remarked the 
greater thickness of the lines in the 
spectrum of the darker portioii of 
the spot. Br. Frankland had 
vioqsly found thl^ ihi(^ epiiml 
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lines correspond to great pressure, kinds of gas in a vertical direction 
and hence the inference, from the under gravity is such, that the 
greater thickness of lines in the density'of each ^ at a given height 
tunibra of a spot, is that this umbra is the same as if all the other gases 
or dark portion is subject to a greater had been removed, leaving it adone. 
pressure ; ^at is to say, it exists In our own atmosphere the continual 
below a greater depth of the solar disturbances prevent this arran^. 
atmosphere than the general surface ment from taking place, but in thQ 
of the sun. Thus the results derived sun’s enormously extended ' atmos- 
frCm the Kew photoheliograph, and phere (if indeed our luminary be 
those derived from the spectroscope not nearly all gaseous) it appears to 
were found to confirm each other. hold, inasmuch as the upper portion 
The fiames were analysed spectro- of this atmosphere, dealing with 
scopically by Capt. Herschel, M. known elements, apparently consists 
Janssen, and others, on the occasion entirely of hydrogen. Vanous other 
of a total eclipse occurring in India, vapours are, however, as we have 
and were found to consist of incan- seen, injected from below the photo- 
descent gas, most probably hydrogen. sphere into the solar atmosphere on 
In addition M. Janssen made the the occasion of great disturbances, 
importantobservationthat the bright and Mr. Lockyer has asked the 
lines in the spectrum of these flames question— Whetlier we have not here 
remained visible even after the sun a true indication of the relative den- 
had reappeared, from which he sities of these various Vapours de- 
argued frlat a solar eclipse is not rived from the relative heights to 
necessary for the examination of this which they are injected on such 
region. occasions ? 

^fore information of this dis- It had already been observed by 
covery had reached this country, a Kirchhoff that sometimes one or 
powerful instrument, constructed by more of the spectral lines of .an ele- 
Mr. LocWer, with the -hope that if mentary vapour appeared to be 
the red names consisted of ignited reversed in the solar spectrum, while 
gas the spectroscope would disperse the other lines did not experience 
and thus dilute and destroy the reversal. Mr. Lockyer succeeded 
glare which ordinarily prevents in obtaining an exphmation of this 
' them from being seen, was com- phenomenon, 
pleted ; and he found that by its Hitherto, when taking the spec- 
means he was able to analyse at trum of the electric spark between 
leisure the composition of the red the two metallic poles of a cod, the 
flames without the necessity of a arrangements were such as to mve 
total ecUpse. An atmosphere of an avera^ spectrum of the metS of 
incandescent hydrogen was found to these poles ; but it was found that 
surround our luminary, into which, when the method of localisation was 
during the greater solar storms, employed, different portions of the 
sundry mtetallio vapours were in- spark gave a different number of 
jected, sodium, magnesium, and iron lines, the regions near the4erminals 
forming the thr^ that most fre- being rich in lines, the midway 
quently made their appearance, remons comparatively poor. 

Here we ^me to an interesting If we imagine that in the midway 
ohemioal question. r^ons the metallic vapour given 

It had Unremarked by Maxwell off by the spark is in a rarer state 
imd by Fieroe, as the result of the than that near the poles, we are 1^ 
jtnolecular the(^ of gases, that the to regard the short nnes wMoh cling 
final distribution of any number of to the poles as those which require; 

» 2 
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« mater density of the vaponr par- 
Idues before they make their appei^r- 
anoe ; while on the other hand, those 
wMoh extend all the way between 
two poles come to be regarded as 
th6se which will continue to make 
their appearance in vapour of great 
tenuity. 

Now these long lines are the very 
lines which are reversed in the 
Atmosphere of the sun. Hence when 
we observe a single coincidence be- 
tween a dark solar line and the 
bright line of any metal, we are 
led to inquire whether this bright 
line is one of the long lines 
which wUl continue to exist all the 
way between two terminals of that 
znetal when the spark passes. 

H this be the case, then we may 
azgue that the metal in question 
really occurs in the solar atmosphere; 
but u the coincidence is ^merely be- 
tween a solar dark< line an(Va short 
bright one, then we are led to ima- 
that it is not a true coincidence, 
something which will probably 
disappear on further examination. 
This method has afforded a means 
of determining the relative amount 
of the various .metallic vapours in 
atmosphere. Thus, in 
aome instances all lines are reversed, 
whereas in others the reversal ex- 
tends only to a few of the longer 

Several new metals have thus 
been detected in the solar atmo- 
phere, and it is now certain tliat 
we vapours of hydrogen, potassium, 
sodium, rubidium, ^num, stron- 
titun, calcium, magnesium, alumi- 
niumy iron, manganese, chromium, 
oebal^ nickel, titaniun^ lead, copper, 
cabnium, zinc, uranium, cerium, 
vitadium, and palladium occur in 
0 (iir luminary. 

K we have letrned to be inde- 
pendent of total ec^ses^ far as 

ptoe are concerned, it must be 
e^eaaed that as yet the upper por- 
outworks of th e'>Q*^can 


only be successfully approached on 
these rare and precious occasions. 
Thanks to the various expeditions 
despatched, we are in the possession 
of definite information regarding the 
solar corona. 

In the first place, we are now 
absolutely certain that a large part 
I of this appendage unmistakably be- 
longs to the sun, and in the next 
place, we know that it consists, in 
part at least, of an ignited gas giving 
a peculiar spectrum, which we have 
not yet been able to identify with 
that of any known element. The 
temptation is great to associate this 
spectrum with the presence of some- 
thing lighter than hydrogen, of the 
nature of which wo are yet totally 
ignorant. 

A peculiar physical structure of 
the corona has likewise been sus- 
pected. 

If we now turn our attention to 
matters nearer home, we find that 
there is a difficulty in grasping the 
facts of terrestml meteormogy. 
These perplex us because we are so 
intimately mixed up with them in 
our daily lives and actions ; because, 
in fact, the scale is so large and we 
are so near. The result has been 
that until quite recently our meteo- 
rological operations haVe been con- 
ducted by a band of isolated volun- 
teers individually capable and skilful, 
but from their very isolation inca- 
pable of combining together with 
advantage to prosecute a scientific 
campaign. Of date, however, we 
have begun to perceive that xf we 
are to make any advance in this 
very interesting and practical sub- 
ject, a different metnod must be 
pursued, and we have already reaped 
the first fruits of a more enlightened 
policy ; already we have gained some 
knowledge of the constitution and 
habits of our atmosphere. 

There are strong grounds for sup- 
posing that the meteorology otf the 
sun and that of the earth are inti- 
mately ponnected together. Broun 
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has shown the existence of a me- 1 We are all familiar with the 


teorological ^riod connected appa- 
rently with the sun’s rotation ; five 
successive years’ observations of the 
barometer at Singapore all giving 
the period 25*74 days. Baxendell, 
of Manchester, was, I believe, the 
first to show that the convection 
currents of the earth appear to be 
connected somehow with the state 
of the sun’s surface as regards spots; 
and still more recently Meldrum, of 
the Mauritius Observatory, has 
shown that the cyclones in the 
Indian Ocean are most frequent in 
years when there are most sun-spots. 
He likewise affords us grounds for 
supposing that the rainfall, at least 
in the tropics, is greatest in years of 
maximum solar disturbance. Poey 
has found a similar connection in 
the case of the West Indian hurri- 
canes ; and finally, Piazzi, Smyth, 
Stone, Koppen and Blanford, have 
been able to bring to light a cycle 
of terrestrial temperature having 
apparent reference to tlie condition 
of the sun. 

Thus, we have strong matter-of- 
fact grounds for presuming a con- 
nection between the meteorology of 
our luminary and that of our planet, 
even (although we are in complete 
ignorance as to the exact nature of 
this bond. 

If we turn to terrestrial magnet- 
ism the same connection becomes 
apparent. 

Sir Edward Sabine was the first 
to show that the disturbances of the 
nmpietism of the earth are most 
■violent during years of maximum 
sun-spots. Broun has shown that 
there is likewise a reference in mag- 
netic phenomena to the period of 
the sun’s rotation about his axis, an 
observation confirmed by Hornstein; 
ai)^d still more recently Broun has 
pointed out4>hat the moon has an 
actiop upon the earth’s magnetism 
which de^nds, in part, at least, 
upon the rmtive position of the sun 
and moOn. 


generalisation of Hadley, that is to 
say, we know there are under-cur- 
rents sweeping along the surface of 
the earth from the poles to the 
equator, and upper-currents sweep- 
ing back from the equator to the 
poles. We are likewise aware that 
these currents are caused by the 
unequal temperature of the earth; 
they are in truth convection-cur- 
rents, and their coursP is determined 
by the positions of the hottest and 
coldest parts of the earth’s surface. 
We may expect them, therefore, to 
have a reference not so much to the 
geographical equator and poles as to 
the hottest and coldest regions. In 
fact, we know that the equatorial 
regions into which the trade winds 
rush, and fi'om wliich the anti-trades 
take their origin, have a certain anniiM 
oscillation depending upon the posi- 
tion of the sun, or in other words 
upon the season of the year. We 
may likewise imagine that the region 
into which the upper-currents pour 
themselves is not the geographical 
pole, but the pole of greatest cold. 

In the next place we may imagine 
that these currents, as far as regards 
a particular place, have a ^ily 
oscillation. This has, I believe, 
been proved as regards the lower 
currents or trade-winds, which are 
more powerful daring the day than 
during the night, and we may there- 
fore iexpect it to hold good with 
regard to the upper-currents or anti- 
trades ; in fact, we cannot go wrong 
in supposing that they also, as 
regards any particular place, exlubit 
a daily variation in the intensity 
with which they blow. ^ 

Again, we are aware tnat the 
earth is a magnet. We must bear- 
in mind that rarefied air is a good 
conductor of electricity; in<&ed, 
according to recent experiments^ an 
extremely good conductor. The re- 
turn trades that pass above 
the hotter equatorial reg^ns to 
poles of cold, consisting of moist 
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Tiwpefied air, are tlierefore to be re- 
garded in the light of good oon- 
.ductors crossing the lines of magnetic 
*orce j we majr ttierefore expect them 
to be the vehicle of electric currents. 
Such electric currents will of course 
react on the magnetism of the earth. 
Now, since the velocity of these 
tmer currents has a daily variation, 
their influence as exhibited at any 
place upon the magnetism of the 
earth may be expected to have a 
daily variation also. 

The question thus arises, Have 
we possioly here a cause which may 
account for the well-known daily 
magnetic variation ? Are the pecu- 
liarities of this variation such as to 
correspond to those which might be 
expected to belong to such electric 
currents ? I think it may be said ! 
that as far as we can judge, there is | 
a likeness of this kind between the 
peculiarities of these two things, 
but a more prolonged scrutiny will 
of course be essential before we can 
be absolutely certain that such cur- 
rents are fitted to produce the daily 
yariation of the earth’s magnetism. 

^Besides the daily and yearly 
pmodic changes in those upper con- 
vection cuTTients, we should also ex- 
pect occasional and abrupt changes 
forming the counterparts of those 
disturbances in IJie lower strata- 
with which we are familiar. And 
these may be expected in like man- 
ner to produce non-periodic occa- 
sional disturbances of the magnetism 
of the earth. Now it is well known 
that such disturbances do occur, and 
further that they are most frequent 
in those years when cyclones are 
most frequent, that is to say „ in years 
oi maxunum sun-spots. In one 
WOTd it appears to be a tenable 
hypothesis to attribute at least the 
most prominent magnetic changes 
to atmospheric motions taking place 
to the Upper regions of theatmos- 
jplieto wnere each moving stratum 
of air becomes a conductor moving 
: Itoes of magnetic force. 


It thus seems possible that the 
excessive magnetic disturban^ 
which take place in years of maxi- 
mum sun-spots may be due to the 
excessive meteorological disturb- 
ances which are likewise charac- 
teristic of such years. But on the 
other hand, the magnetic and me- 
teorological influence which Broun 
has found to be connected with the 
sun’s rotation, points to some rm- 
known direct effect produced by our 
luminary, even if we imagine that 
the magnetic part of it is caused by 
the meteorological. Broun is of 
opinion that this effect of the sun 
does not depend upon the amount of 
spots on his surface. 

In the next place, that influence 
qf the Bim in virtue of which we 
have most cyclones in the years of 
maximum spots cannot, I think, be 
attributed to a change in the heating 
power of the sun. 

We are thus tempted to associate 
this cyclone producing influence 
with something different from his 
light and heat. As far, therefore, 
as we can judge, the sun produces 
three distinct effects upon our globe. 
In the first place, a magnetic and 
meteorological effect, depending 
somehow upon his rotation : secondly, 
a cyclonic effect depending somehow 
upon the disturbed state of his sur- 
face ; and lastly, the well-known 
light and heat effect with which we 
aU are familiar. 

If we now turn to the sun we find 
that there are three distinct forms 
of motion which animate his surface 
particles. In the first place, each 
particle is carried round by the rota- 
tion of our luminary. Secondly, 
each particle is influenced by the 
gigantic meteorologioal disturbances 
of the surface, in virtue of which it 
may acquire a velocity ranging as 
high as 130 or 140 miles a second; 
and lastly, each particl#, on account 
of its high temperature, is vibarattog 
witli extreme rapidity, producing 
light and heat. 
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Now, iis it pliilosopliical to sup- 
pose that it is only the last of these 
three motions that influences our 
earth, while the other two produce 
absolutely no effect ? On the con- 
trary, we are, I think, compelled by 
considerations connected with the 
theory of energy, to attribute an 
influence, whether great or small, 
to the first two as well as to the 
last. 

We are thus led to suppose that 
the sun must influence the earth in 
three ways, one depending on his 
rotation, another on his meteoro- 
logical disturbance, and a third by 
means of the vibrations of his sur- 
face particles. 

But we have already seen that, 
as a matter of fact, the sun does 
appear to influence the earth in 
three distinct ways— one magneti- 
cally and meteorologically, depend- 
ing apparently on his period of rota- 
tion ; a second cyclonically, depend- 
ing apparently on the meteorological 
conditions of his surface ; and a 
third, by means of his light and 
heat. 

Is this merely a coincidence, or 
has it a meaning of its own? We 
cannot tell ; but I may venture to 
think that in the pursuit of this 
problem we ought to be prepared at 
least to admit the possibility of a 
three-fold influence of the sun. 

Even from this very meagre sketch 
of one of the most interesting and 
important of physical problems, it 
cannot fail to appear, ^at while a 
good deal has already been done, its 
progress in the future will very 
greatly depend on the completeness 
of the method and continuity of the 
observations by which it is pursued. 
We have here a field which is of 
importance, not merely to one, or 
even to two, but almost to every 
ponceivable branteh of research. 

In Qonclusion, it cannot be doubted 
that a great generalisation is loom- 
ir^in the d£tance— a mighty law, 
ife .cannot yet teU what, that will 


reach us, we cannot yet say when. 

It wiU involve facts hitherto ine^t- 
plicable, facts that are scarcely re- 
ceived as such because they appear 
opposed to our present knowledge 
of their causes. It is not possible 
perhaps to hasten the arrival of 
this generalisation beyond a certain 
point ; but we ought not to forget 
that we can hasten it, and that it is 
our duty to do so. It depends much 
on ourselves, our resolution, our 
earnestness ; on the scientific poUqy 
we adopt, as well as on the power 
we may have to* devote ourselves to 
special investigations, whether such 
an advent shidl be realised in pur 
day and generation, or whether it 
shall be indefinitely postponed. 

Acoustic Reversibility.— By 
Professor Tyndall, D. C. L. , LL. D. 
—On the 2lBt and 22nd of June, 
1822, a Commission appointed by 
the Bureau of Longitudes of France 
executed a celebrated series of expe- 
riments on the velocity of sound. 
Two stations had been chosen, the 
one at Villoju^ the other at Mont- 
lb6ry,both lying south of Paris, and 
11*6 miles distant from each other. 
Prony, Mathieu, and Arago were 
the observers at Villejuif, while 
Humboldt, Bouvard, and Gay-Lussac 
were at Montlhery. Guns, charged 
sometimes with 2 lb. and sometimes 
with 3 lb. of powder, were fired at 
both stations, and the velocity was 
deduced from the interval between 
the appearance of the flash and tfie 
arrival of the sound. 

On this occasion an observation 
was made which, as far as I know, 
has remained a scientific enigma to 
the present hour. It was noticed 
that while every rej^rt o&the can- 
non fired at Montlh^iy wa^ heard 
with the greatest distinctness at 
Villejuif, by far the greater number 
of the reports from villguif failed 
to reach . Montlhery. Had wii^^ 
existed; and had it blown frtitt 
Montlhery to Villejuif, it wotm 
have been recognise^ ^ the oatm# 
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61 tiie 6bflerve4 difference ; but tiie 
6ii: lit the time was calm, the slight 
naevement actually existing being 
from Villejuif towards Montlh4ry, 
or against the direction in which the 
sound was best heard. , 

So marked was the difference in 
transmissive power between the two 
directions, that on the 22Dd of June, 
while every shot fired at Montlhdry 
ww heard “ h merveille ” at Ville- 
juif, but one shot out of twelve fired 
at Vfiiejuif was heard, and that 
f^bly, at the othe^ station. 

With the caution which charac- 
terised him on other occasions, and 
which has been referred to ad- 
miringly by Faraday, Arago made 
no attempt to explain this anomaly. 

I have tried, after much perplexity 
of thought, to bring this subject 
within the range of experiment, and 
have now to submit a possible solu- 
tion of the enigma. The first step 
was to ascertain whether the send- 
tive flame referred to in my recent 
pai^ in the “ Philosophical Trans- 
actions,” * could be safely employed 
in experiments ou the mutual re- 
versibdity of a source of sound and 
an object on which the sound im- 
pinges. Now the sensitive flame 
uswly enmloyed bv me measures 
from 18 to 24 inches in height, while 
the reed employed as a source of 


sound is less thau a square quarter., 
of an inch in area. If, therefore, 
the whole flame, or the pipe which 
fed it, were sensitive to sonorous 
vibrations, strict experiments on 
reversibility with the reed and flame 
might be difficult, if not impossible. 
Hence my desire to learn Whether 
the seat of sensitiveness was so 
localised in the flame as to render 
the contemplated interchange 6f 
flame and reed permissible. 

The flame being placed behind a 
cardboard screen, the shank of a 
funnel passed through a hole in the 
cardboard was directed upon the 
middle of the flame. The sound- 
waves issuing from the vibrating 
reed placed within the funnel pro- 
duced no sensible effect upon the 
flame. Shifting the funnel so as to 
direct its shank upon the root of the 
flame, the action was violent. 

To augment the precision of the 
experiment, tthe funnel was con- 
nected with a glass tube three feet 
long and half an inch in diameter, 
the object being to weaken by dis- 
tance the effect of the wares dif- 
fracted round the edge of the funnel, 
and to permit those only which 
passed through the glass tube to act 
upon the flame. 

PreseDtingithe end of the tube (T) to 
the orifice oi the burner (6, Fig. 1), or 



libeiMifice to theend ofiketubojthe sounding-re^ R. On shifting the 
teoe was violently agita^ by the tube, or the burner, so as to oou- 
^ centrate the sou^d on a portion of 

ms Mm of I w oziflce, the action was Ooa 
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oentratmg t3:^e sbond upon the 
boruer itself about half an inch be- 
low its orifice, there was no action. 

These experiments demonstrate 
the localisation of ‘*the seat of 
sensitiveness,” and they prove the 
flame to be an appropriate instru- 
ment for the contemjuated experi- 
ments on reversibility. 

The experiments proceeded thus : 
-^The sensitive flame being placed 
close behind a screen of cardboard 
18 inches high by 12 inches wide, a 
vibrating reed, standing at the same 
height as the root of the flame, was 
placed at a distance of six feet on 
the other side of the screen. The 
sound of the reed, in this position, 
produced a strong agitation of the 
flame. 

The whole upper half of the flame 
was here visible from the reed; 
hence the necessity of the foregoing 
experiments to prove the , action of 
the sound on tne upper portion of 
the flanae to be nil^ and that the 
waves had really to bend round the 
edge of the screen so as to reach 
the seat of sensitiveness in the 
neighbourhood of the orifice of the 
burner. 

The positions of the flame and 
reed were reversed, the reed being | 
now close behind the screen, and the 
flame at a distance of six feet from 
it. The sonorous vil)ratioas were 
without sensible action upon the 
flame. 

The experiment was repeated and 
varied in many ways. Screens of 
various sizes were employed; and 
instead of reversing the positions of 
the flame and reed, the screen was 
moved so as to bring, in some expe- 
ments the flame, and in other expe- 
riments the reed, close behind it. 
Care was also taken that no reflected 
sound from the walls or ceiling of 
l^e laboratory, or from the body of 
experimenter, should have any- 
thing to do with the eflect In ^ 
cases it wns shown that the sound 
was efleotive when the reed was at 


a distance from the screen and the 
flame close behind it; while the 
action was insensible when these 
positions were reversed. 

Thus, let s e be a vertical action 
of the screen. When the reed was 

Fig. 2. 


A 


C 


B 


at A and the flame at B there was 
no action ; when the reed was at B 
and the flame at A the action was 
decided. It may be added that the 
vibrations communicated to the 
screen itself, and from it to the air 
beyond it, were without effect ; for 
when the reed, which at B is effec- 
tual, was shifted to C, where its 
action on the screen was greatly 
au^ented, it ceased to have any 
action on the flame at A. 

We are now, I think, prepared to 
consider the f^ure of reversibility 
in the larger experiments of 1822., 
Happily an incidental observation 
of great simificance comes here to 
our aid. It was observed and re- 
corded at the time, that while the 
reports of the guns at Villejuif were 
without echoes, a roU of echoes, 
lasting from 20 to 26 seconds, accom- 
panied every shot at Montlh^ry, be- 
ing heard by the observers thm*e. 
The report savs that ‘‘tons les coups 
tir^s h Montlh^ry y ^taient occom- 
pagTi^e d’un roulement semblable k 
celui du tonnerre.’’ I have italicised 
a very simificant word-^a woid 
which fairly applies to our experi- 
ments on gun-soup^ at we South 
Foreland, where there was no sensi- 
ble solution of continuity between 
explosion and echo, but which^cpuld 
hardly apply to echoes coming from 
the Clouds* Forsui^iosiugthe doud ^ 
to have been only a mms distimt, 
the sound and its echo would 
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Been separated by an ioierval of 
nearly ten seconds. But there is no 
mention of any interval: and had 
stioh existed, surely the word “ fol- 
lowed, ”inst^ of “accompanied,” 
would have been the one employed. 
The echoes, moreover, appear to 
have been continuous, while the 
dpuda observed seem to have been 
separate. But from separate clouds 
a continuous roll of echoes could 


hardly come. To this may be added 
the experimental fact that clouds 
far denser than any ever formed in 
atmp^here are demonstrably in- 
;csp^le of sensibly reflecting sound, 
^hile doudless air has been proved 
of powerfully reflecting it. 

Z' And considering the hundreds of 
lihots flred at the South Foreland, 
with the attention specidly directed 
to the aifrial echoes, when no single 
case occurred in which echoes of 
measurable duration did not accom- 
pany the report of the gun, I think 
Arago’s statement that at Villejuif 
no echoes were heard when the sky 
WM clear, must simply mean that 
they vanished with great rapidity. 
Unless the attention were specially 
directed to the point, a slight pro- 
lonj^tion of the cannon-sound might 
waU escape observation ; and it would 
be all the more likely to do so if the 
eo|ioM w<se so loud and prompt as 
to form apparently part and parcel 
of the dir^ sound. 

Turning now to the observations 
at Montlh^ry, we are struck by the 
extraordinary duration of the echoes 
heard at that station. At the Soutli 
Foreland the charge habitually fired 
was equal to the largest of those 
employed by the French philoso- 
phers } but on no occasion did the 


f^un-sounds produce echoes ap 
thg to 20 or seconds’ di 


_ duration. 

T& time rarely reached half this 
amount. 


I have statedin another place that 
air-echoes indi- 
cates '‘the atmospheric depths” 
lyhieh they copm. An optical 


analo^nr may help us hem. Let 
light tall upon chalk, the light is 
wnolly scattered by the supmcial 
particles ; let the chalk be powdered 
and mixed with water, light reaches 
the observer from a far greater depth 
of the turbid liquid. The solid 
chalk typifies the action of exceed- 
ingly dense acoustic clouds ; the 
chaUk and water that of clouds oi^. 
moderate density. In the one case 
we <liave echoes of short, in the 
other echoes of long duration. Th^ 
considerations prepare us for the in- 
ference that Montlh^ry, on the occa- 
sion referred to, must have been 
surrounded by a highly diacoustic 
atmosphere ; while the shortness of 
the echoes at Villejuif shows the 
atmosphere surrounding that station 
to have been aoousticauy opaque, 
j Have we any clue to the cause of 
the opacity? I think we have. 
Villejuif is close to Paris, and over 
it, with the observed light wind, 
was slowly wafted the air from the 
city. Thousands of chimneys to 
windward of Villejuif were dis- 
charging their heated currents ; so 
that au atmosphere non-homoge- 
neous in a high degree must have 
surrounded that station. At no 
great height in the atmosphere the 
equilibrium of tei^erature would 
be established. This non -homo- 
geneous air, surrounding Villejuif 
IS experimentally typified by our 
screen with the source of sound close 
behind it, the upper edge of the 
screen representing the pmee where 
equilibrium of temperature was esta- 
blished in the atmosphere above the 
station. In virtue of its proximity 
to the screen, the echoes from our 
sounding-reed would, in the cafe 
here supposed, so blend with the 
direct sound as to be practically in- 
distinguishable from iC ns the emioes 
at Villejuif followed the direct 
sound BO hotly, and ranished so 
rapidly, that they escaped observa- 
tion. And as our sensitive flamk 
at a distance, failed to be aiertod 
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by tbe sbundii^ body placed dose 
behind the caroDoard aoreen, ao, 1 
take it, did the observers at Mont- 
lh6ry fail to hear the sounds of the 
Villejuif ^un. 

Sometmng further may be done 
towards the experiments elucida- 
tion of this subject. Sounds pass 
through textile fabrics with great 
facility, a layer of cambric or cSico, 
or even of thick flannel or baize, 
being foimd competent to intercept 


but a sinall fraction of the sound 
&om a vibrating reed. Such a layer 
of calico may be taken to represent 
a layer of air differentiated uom its 
neighbours by temperature or moiS'^ 
ture; while a succession of such 
sheets of calico may be taken to 
represent successive layers of non- 
homogeneous air. 

Two tin tubes (M N and 0 P, 
fig. 3) with open ends were pla(^ 
so as to form an acute angle with 


Fig. 8. 


each other. At the end of one was 
the vibrating reed r ; opposite the 
end of the other, and in the prolon- 
gation of P 0, the sensitive name /, 
a second sensitive flame (/') being 
placed in the continuation of the 
axis of M N. On sounding the reed, 
the direct sound through M N agi- 
tated the flame /'. Introducing the 
square of calico a h at the proper 
angle, a slight decrease of the action 
on/' was noticed, and the feeble 
echo from a produced a barely per- 
ceptible agitation of the flame /. 
Adding another square c d, the sound 
transmitted by a h impinged on c ; 
it was partially echoed, returned 
through CL hy passed along P 0, and 
still further amtated the flame /. 
Adding a third square, c /, the re- 
flected sound was still further aug- 
mented, ©very accession to the echo 
being accompanied by a correspond- 
ing withdrawal of the vibrations from 
/' and a consequent stilling of the 
flame. 

With thinner calico or cambtic, it 
Would' require a greater number of 


layers to intercept the entire sound t 
hence with such cambric we should 
have echoes returned from a greater 
distance, and therefore of greater 
duration. Eight layers of the calico 
employed in these experiments, 
stretched on a wire frame and 
placed close together as a kind of 
pad, may be taken to represent a 
dense acoustic cloud. Such a pad, 
placed at the proper angle beyond 
N, cuts off the sound, which in its 
absence reaches f', to such an extent 
that the flame / , when not too sensi- 
tive, is thereby stilled, while the 
flame / is far more powerfully agi- 
tated than by the reflection from a 
single layer. With the source of 
sound close at hand, the echoes from 
such a pad would be of insensible 
duration. Thus close at*^ hand do 
I suppose the acoustic clouds sur- 
rounding Villejuif to have been, a 
similar shortness of echo being the 
consequence.* 

*- Since this was written I have sent ike 
sound through fifteen layers of calico, and 
echoed it back through the eame layers, in 
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A further step is here taken in 
the illustration of the analogy be- 
tireen light and. sound. Our pad) 
acts chiedy by internal reflection. 
The sound from the reed is a com- 
posite one, made up of partial 
sounds differing in pitch. If these 
sounds be ejected from the pad in 
their pristine proportions, the pad i 
is acoustically white ; if they return ’ 
witk their proportions altered, the 
pad is acoustically coloured. 

In these experiments my assistant, 
Mr. Cottrell, nas rendered me mate- 
rial assistance. 

Jtoplication of IXTiiid to 
Jitrmg Xnatruments. By J. B. 
Hamilton. — The ^Eolian harp is an 
instiument played upon by the wind 
uncontrollea by human agency. 

The well-known soands thus pro- 
duced, although useless for musical 
puipo^, have long shown the 
capabilities of wind and strings, 
and have excited in many minds 
the desire to reduce these .^lian 
sounds to human control In order 
to gain control the draught would 
be increased by a bellows or other 
artifloial means, and concentrated 
i^n the string by approximating 
the surfaces between wnich it lies 
until nothing was left but a narrow 
sbt, corresponding to the string’s 
dimensions. Power and control 
would certainly be gained, but the 
intermittent closing of the slit by 
the string would produce only a 
reedy eff^, and the pleasing fea- 
tures of the .^lian tone womd be 
lost. If, hoWever, this slit was re- 
duced to a small portion of the 
Btnng’s length, the remainder of 
the string would be free from this 
defect, and subject to control by 
tbe finger or other means. The 
portion on which the wind im- 
puted would, moreover, be fiat- 

iBtrenstk «u£Gici0ixt to agitato the flame. 
Thirty IJjyero were here crossed by the 
mnad* Tbe,sound was subseoueutly lotmd 
to penetrate two hundred erf 
cj^jton nett a single layer of wetteo calico 
competent to stop it. 


tened so as to offer more resistance 
to the draught. 

These have been the steps gene- 
rally adopted by all those who Imve 
attempted to gain any musical re- 
sults from wind and string, and the 
means employed by them may be 
described as a string excited by a 
current of air concentrated on a 
flattened portion of its length, gene- ' 
rally at or near the end. 

Many years ago, J. Farmer, orga- 
nist at Harrow School, substitu&d 
the tongue of a harmonium reed for 
this flattened portion of the string, 
and showed that the remainder of 
this compound string could be played 
upon like the string of a violin. 

The reed used in these experi- 
ments is a “free reed,” such a« is 
used in harmoniums and kindred 
instruments. It consists of a tongue 
of metal vibrating from a root, and 
having a definite pitch. It lies over 
a frame which leaves a hole cor- 
responding to the surface of the 
tongue, the fixed end of the tongue 
being riveted to this frame. If 
this tongue be plucked it affords a 
note of a certam pitch. This note 
is sustained in reed instruments by 
a draught of air ; but in order that 
the draught may allow the vibra- 
tion of the reed tongue it is neces- 
sary to create true suction upon it 
by allowing some tube or channel 
to follow* the reed-tongue. The 
mere frame of the reed acts as a ru- 
dimentary channel ; and it wiU be 
seen on blowing a reed with the 
lips, that the draught must always 
tend towwrda the frame, unless in- 
deed the reed be preceded by some 
tube or cavity which allows of its 
vibration. But, as a rule, it is 
found more convenient to allow true 
suction to be formed by a channel 
foUowing the reed. Accordingly, in 
harmoniums whwe pressure is em- 
ployed, the air escapes from a emn- 
znon chest past the reed, .and then 
through a oWneL But when suc- 
tion IS employed, as in American 
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oiwaii#, tbe air enters past the reed the pallet or valve succeeds the 
and its rudimentary channel into reed (fig. 4). 
the general cavity. In both cases 

Fig. 4. 





Harmonium where pressure is used. 

^ reed O', channel. P> pallet. 



American Organ. 


The mode of connecting together ditions which suit them best re- 
the reed and string is by a rigid pin spectively. 

passing from the free end of the The following diagrams show the 
reed-tongue to the string. The arrangements necessitated by this 
reed ana string may thus bo on mode of connection, 
different levels, and enjoy the con- 

Fig, 5. 



# i 


These drawings are only diagrammatic, 

M, string. bridge. 8, soundboard, F, oonneoting-pin, it, reed. 

The arrows indicate the direction of the draught. 
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Id the case of suction instru* in order to ^ow its connectioiL wiih 
ments (fig. 5) no new arrangements the string. But in the case of pres- 
are necessitated as regards tne reed sure instruments (fig. 6), a chann^ 

Fig. 6. 



between reed and string, The original mode of connection 
accordingly the pin passes through may be thus represented, and illus- 
this channel, which is preserved air- trates most conveniently the way in 
tight by a “purse,” which allows which the reed enters into the oon- 
the required movement of the pin stitution of the string so as to alter 
which it surrounds. the intervals obtainable from it. 

Fig. 7. 


Unlike a bow, whose weight does 
not affect the intervals of the string 
which it moves, the reed forms part 
of the string which it excites, and 
il a sthnu were set at the same 
lenfi^ ana tension in conjunction 
with a succession of reeds, the pro- 
portional lengths corresponding to 
given intervSs would alter with 
Oyeiy reed applied. 


them, each string being sixty-four 
inches in length, the relations of 
lengths to musical intervals as in a 
fr^ string plucked, are not main- 
tained. And when under slackened 
tension the string divides into two 
segments, the free segment is always 
of greater length than the segment 
connected with the reed, the 
instances above, the measurements 


A string giving at 64^^ 
inohos the IS feet 
O when oonneoted 
with a reed of same 
Idtch gave when 
wortsned to . . 
Stmilarly oonnected) 
reed and string^pro- 
duoed Id feetfl\ . 

Ditto, ditto, 6 feet 


The Third. 

The Fourth. 

The Fifth. 

The Octave.j 

in. 

In. 

In. 

in. 

dl 

48 

■o 

28 

60^ 

m 

41 

26 

61 

47 

1 , 

40} 

22 


Taking skrings of different calibre 
wm nrnfomi tension upon 


respecriveiy were : 


The free 
segment. 


as against reed 
segment. 


34 inches 
36 „ 

34i „ 


30 inches 
29 „ 

f> 


Every combination of reed and 
string having variable ratios accord- 
ing as the power of one or the other 
preTOndemtes. 

Musicians will reoogmse these di- 
visions as diflferent fimn those of 
free strings. There is a point, how- 
ever, more interesting than in- 
tervals, and that is, the qoalitiee of 
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tone roiulting from tliia combina- pipes are in both casea veiy zinme- 
Mon of reed and strinn . It is hardly tons. 

necessary to speak of the numerous But the main results may be illus- 
varieties of tone obtainable from trated by the foUowiM experi- 
either of these sources separately, ment : Take two reeds affording by 
The stops of harmoniums and reed themselves a note of the same pitch. 
organs show how many varieties of These are then to be attaol^ to 
tone may be obtained from reeds two different kinds of strings. The 
witl^ the most rudimentary channels first to a thin wire a foot l<mg, at a 
and appliances ; and the varied qua* moderate tension, so that it comes 
lities of strings are equally remark- under the head of flexible strings, 
able accordingto their calibre, sound- The result will be a note somewhat 
board, and mode of excitation. But of the trumpet character, loud, bril- 
it might be supposed that the tones Hant, and reedy. The other knd 
afforded by their combination must similar reed is to be attached to a 
be either that of a string or reed, wire at the same tension, which, 
according as either element predo- however, is three feet long, and six 
minated. A single experiment will times the calibre of the other, 
remove any such impression. A Though this is also a flexible string, 
very large reed combined with a the result will be different, for the 
very sm^ and short string, ||ives a weight of the string seems to regu- 

E iire clean tone indistinguishable late the vibrations of the reed very 
rom that of an organ pipe (an open much according to its own natural 
metal diapason), whilst a small reed movement ; consequently the exour- 
with a very long string, in spite of sions of the reed are in no way 
the predominance of the string, exaggerated, and the result will lie 
gives a comparatively coarse and a decided string tone, free from all 
reedy effect. The real varieties of reedy character. Again, take two 
tone and their causes are due mainly strings affording a similar pitch, 
to the following simple facts, which both a foot long, and of the calibre 
may be expressed almost in a tabular of a pianoforte string about the 
form : middle of the scale. Subject both 

In free reede^ as a general rule, to a somewhat high tension. To 
large excursions of the tongue tend the first attach a large reed of a 
to produce reedy, coarse, and strik- very low pitch, many octaves below 
ing tones; small ex;cursions, more the note of the string. The result will 
pure and soft and massive. be a combined tone of a soft massive 

In stringst flexibility promotes character, such as characterises the 
large excursions, — rigidity, small flute-pipes of an organ. In this case 
excursions ; the flexibility or ri- the naturally large and powerful 
gidity of ^e string being deter* vibrations of the reed are simply 

^ confined and transmitted to the 

soundboard by the small rigid 
ntring. The tone of the reed is 
thus completely purified, ssid the 
displacement of air which its natii- 
rally large excursions would have 
caused, is far more than replaced 
by the action of the soundboard. ^ 

To the other simiVf atzh^ ,at- 
t^ a reed %r nemr to its owoi 
pitchr whose tone it purifies ai^ 
mtensifles in the si^e uray. But 


minea ' oy mb reiaxive lengtn, ten- 
rion, or calibre. If a given reed 
werp (Connected with a flenble string, 
and then with a rigid one, the result 
of the first combination would be a 
tone of the nature of a reed-pipe, 
and the second of a flute-pipe in an 

is of course a very general 
deserm^Hy for the gradaimns of 
flsxibuity of strings and of tones in 
ISitSe gr^t dasSes of organ 
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as there is a more perfect sympathy- 
existing between their natural note 
of vibration, the result is a note 
equally pure, but more rich and 
cloying, differing from the otlier as 
the note of a French horn differs 
from that of a stopped fiute-pipe. 
On these simple causes four main 
sources of variety of tone dcj^end. 

All these experiments are made 
under the same conditions of reed, 
channel, and soundboard. But when 
it is remembered that any one of 
them can be modified as it stands, 
by the simple treatment which af- 
fects reeds, and the arrangement of 
soundboard which afi'ects strings, it 
will be seen that any one of them 
can be multiplied by tlic causes 

Fig. 


that affect either reeds or strings 
so as to afford distinctive qualities, 
and that these qualities may be fur- 
ther combined and merged into 
each, so as to afibrd all the grada- 
tions between trumpet and horn, 
and flute, and voice, and string. 

In all these experiments, and in 
the wind violin, the string com- 
bined with the reed vibrates in a 
single segment. But if the string'^^ 
were prmonged on either side, it 
would resolve itself into three seg- 
ments. The sweetness and inten- 
sity of the tone would be much 
increased. 

Tlie two terminal segments are in 
this case equal, whilst that to which 
the reed is attached is shorter. (Fg. 8. ) 

8 . 


Before explaining the musical re- 
sults obtainable from reed and string 
instruments, it may be as well to 
deal with some difficulties which 
may have been anticipated (fig. 8). 

When used as a wind violin, no 
difficulties present themselves ex- 
cept that of arranging the strings 
and intervals so as best to suit the 
performer. But when used in a 
rigid instrument, two difficulties at 
once suggest themselves : J st, the 
notes might not respond to the 
touch ; 2nd, they might go out of 
tune. 

As regards the first difficulty, it 
may seem remarkable that the most 
rigid strings ensure as a rule the 
moat perfect promptness, and the 
better the note the quicker its 
speech, any delay being due to a 
want of -that sympathy between 
string and reed, which necessarily 
requires long study to establish. 

But it might naturally appear 
that au instrument partially com- 
i^sed of strings might share their 
liabiltty to alter in pitch. As a | 
matter of fact, the strings used are ‘ 


i so short, the framework so com- 
pact, and the tension on the whole 
series so low, that structural dis- 
placement need no longer be con- 
sidered. Next, strings may be af- 
fected by temperature; but there 
are metals and alloys which are 
practically unaffected. And al- 
though these could not be hitherto 
used in pianofortes and instruments 
which depend on the free string for 
their sound, yet, in this case, the 
substance of the metal wire wluch 
conveys the reed’s vibrations is 
immaterial. 

Another source of derangement 
in string instruments hitherto, has 
been the gradual exhaustion of tho 
string’s retractile power by its own 
constant vibration, and especially 
by the shock conveyed in causing it 
so to vibrate. 

Now when a reed is the motive 
power, there is no such shock ; and 
as has been already shown, the am- 
plitude of excursion is reduced to a 
minimum. Moreover, the reed is 
capable of holding its own against 
the string, as much as the string 
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of influencing the reed. Supposing a 
reed and string in combination to 
afford notes of varied quality, 
prompt in speech, easy to control, 
and simple in arrangement, what 
form will musical instruments so 
constructed assume, and what posi- 
tion will they occupy in music ? J 

When it is desired to gain the 
same control over a string worked 
by a reed as the violinist gains over 
a string worked by a bow, the 
strings are set before the performer, 
at a convenient level, and subject 
to the control of both hands, as in 
a zitlier. Wind is supplied to the 
reeds by a small feeder, as in a har- 
niouium. It is admitted to each 
reed by a valve, wliich is opened 
by tlie same pr(^ssu^c of the hand 
Avluch controls the string thus 
sounded. For a strip of wood 
whicli opens the valve by a “rollci* 
action ” may run parallel to cacli 
string in the position naturally oc- 
cupied by the tliuinb of the hand 
which controls it. The “ feet ” 
thus supply the place of the “bow,” 
both hands being left free to con- 
trol the strings. d'he quality of 
the sound can be any of the nume- 
rous ones which string and reed 
can supply ; and Mr. Farmer has 
shown that the “ glide” and expres- 
sion and control of the string, which 
can only be obtained from the violin 
by long practice, are here within 
the reach of the most unpractised 
hand. But when these sounds are 
controlled by a “key” we should 
consider rather the application of 
strings to wind instruments, and 
the application of wind to strings. 

The introduction of the “free 
reed” into Europe has brought 
within everyone’s reach wind in- 
struments deficient only in these 
very respects, in which string and 
reed instruments excel. 

Any one who examines a harmo- 
nium or reed organ will see that all 
that is unsatisfactory in them is 
due to the want of a real reinforce- 


ment to each note. All that the 
most costly arrangement of tubes 
or resonators can supply is effected 
the moment that a reed is con- 
nected with a string, which not 
only entirely purifies its sound by 
confining its vibrations, but trans- 
mits those vibrations to a sound- 
board, and thus reproduces the 
work of the reed in a form which 
is pure^ massive, and voluminous, 
and eminently suited, to support the 
human voice, as is the case with all 
sounds due to the action of a string 
and soundboard. As the space oc- 
cupied by each string need not ex- 
ceed the scale of each note on key- 
board or pedals, it is hardly uectvs- 
sary to point out the economy of 
this system. A "' stop,” or series 
of such notes of a certain quality, 
naturally assumes a somewhat harp- 
liko form. The wind is admitted 
to the reed of each string by a 
tracker or rod connected with its 
key. — Jioyal inditutlon Proceedings, 
Baillie Hamilton’s String 
Organ. — A short paper on the 
math(3matical theory of this instru- 
ment is given by Mr. E. H. M. Bosan- 
quet, in the Fe1)riiary number of 
the Pkilowpliical Magazine. Fol- 
lowing the method of investiga-tion 
employed by the late Professor 
Doukm (Donkin’s Acoustics^ p. 

Mr. Bosanquet is led to a general 
equation, the solution of which de- 
termines what segment-length of 
tho string employed wmald, when 
vibrating alone, yield the same note 
as is actually souuded iindeiHlithe 
conditions of the instrument, be., 
when the string is attached at some 
point of its length to the tongue of 
a reed which is set in vibfation by 
a stream of air. The solution of 
this equation in the general case, 
presents great difficulty, but is ef- 
fected in certain particular cases : 
e.(j. (1) When the point of attach- 
ment of tho reed is a node; (2) 
When the note sounded is that of 
the reed alone ; (3) When the point 
C 
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of attachment is the middle of the 
string. Experimental observations 
appear to correspond roughly with 
theory, certain assumptions being 
made respecting the relations of the 
clemeuts in the problem. — Academy. 

Hermann Smith (in Nature^ says 
— Mathematicians decide that the 
problem of the iustrument is that of 
a loaded string. This appears to 
me a one-sided view, taken under 
limited experimeuts. Practically, 
some details of their conclusions are 
not corroborated ; there are several 
elements entering into the composi- 
tion not heeded, and a wider expe- 
rience would show that the pro- 
blem is equally that of a loaded 
reed. Here is an instance. I have 
in action a reed with pin attached ; 
it sounds C sharp : and a string 
which, independently sounding, 
gives the P below. These, when 
conjoined, produce the G between. 
The note of the string is thus raised 
a whole tone ; consequently the 
weight of the oscillating string is a 
load on the reed. 

Lord Rayleigh, also in (Nature)^ 
does not think Bosauquet has 
touched upon the real points of in- 
terest in the string organ. He says 
— The origin of the instrument has 
led to considerable misconception 
as to its real acoustical character. 
The object of Hamilton and his 
predecessors was to combine the 
musical qualities of a string with 
the sustained sound of the organ 
and Jjarmonium. Musically, the 
result appears to be a success, but 
is, I think, acoustically considered, 
something very different from what 
was originally intended. 1 believe 
that the instrument ought to be 
regarded rather as a modified reed 
instrument, than as a modified 
string instrument. 

The string and reed together form 
a system capable of vibrating in a 
number theoretically infinite, of inde- 
pendent fundamental modes, whose I 
X^eriods are calculated by Bosan- 1 


quet. The corresponding series of 
tones could only by accident belong 
to a harmonic sc^e, and certainly 
cannot coexist in the normal work- 
ing of Hamilton’s instrument, one 
of whose characteristics is great 
sweetness and smoothness of sound. 
I conceive that the vibration of the 
system is simple harmonic, and that 
accordingly the sound emitted di- 
rectly from the reed, or string, or 
from the resonance-board in con- 
nection with the string, is simply 
harmonic. On the other hand, it 
is certain that the note actually 
heard is compound, and capable of 
being resolved into several compo- 
nents with the aid of resonators. 

The explanation of this apparent 
contradiction is very simple. Ex- 
actly as in the case of the ordinary 
free reed, whose motion is rigorously 
simple harmonic, the intermittent 
stream of air, which does not take 
its motion from the reed, gives rise 
to a highly compound musical note, 
whose gravest element is the same 
as that of the pure tone given by 
the string and resonance-board. 
One effect of the string, therefore, 
is to intensify the gravest tone of 
the compound note given by the 
intermittent stream of air. 

The fact that tlic pitch of tlio 
system is mainly dependent upon 
the string, seems to have distracted 
attention from the important part 
played by the stream of air. I may 
mention, however, that I have no- 
ticed on one or two occasions an 
immediate falling off in the sound 
when the wind was cut off, although 
the string and reed remained in 
vibration for a second or two longer. 
A resonator tuned to one of the 
principal overtones was without ef- 
fect Avheu held to the string, but 
produced a very marked alteration 
in the character of the sound when 
held to the reed. 

It will be seen that according to 
my explanation the principal acous- 
tical cnaracteristic of tUe string — 
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that its tones form a harmonic 
scale— does not come into play, the 
office of the string being mainly to 
convey the vibration of the reed 
itself (as distinguished from the 
wind) to the resonance-board, and 
thence through the air to the ear of 
the observer, A second advantage 
due to the string appears to be a 
limitation of the excursion of the 
reed, whereby the peculiar rough- 
ness of an ordinary reed is in great 
measure avoided. 

Wind Instruments.— By W. 
H. Stone, M.D.— There are some 
discrepancies to be noted in the be- 
haviour of air issuing] from the side 
orifices of wind instruments in vibra- 
tion which deserve attention, and 
may be accounted for l)y the laws of 
effiux. The stream from the side 
hole of a clarionet, Avhen sounding, 
is sufficient to extinguish a caudle, 
though the musical vibration is ob- 
viously in the main tube. The usual 
mode of tuning these instruments is 
by introducing a resinous cement 
into the hole, so as to diminish its 
calibre. But after a certaiu point, 
the rounded surface thus obtained 
ceases to produce an effect, though 
a note will still be produced by 
iiitroduciug a cylindrical tube of the 
same diameter, and this additional 
tube exercises greater influence than 
the rounded edge. Dr. Stone was j 
thus led to iiujuirc whether the 
theorem of D. Bernoulli, or the par- 
ticular case of it named after Torri- 
celli, could be brought to bear on 
the questfbn. The Vena Oontracta, 
which, in fluid, reduces the efflux 
to 02 of the calculated amount, is 
also to he noticed in gases, the flow 
of which from orifices is affected by 
three conditions 1. The thinness 
of the wall in Avhicli the orifice is 
made ; 2. The shape of the nozzle ; 
3. Friqtion in a long pipe. The 
vibration in a musical tube must 
also exercise sensible influence. 
There are, however, two junctions 
o£ a side orifice in an instrument ; 


the first to cut off a portion of thc^ 
tube, and so raise the pitch ; the 
second, and most usual, to esta- 
blish a point of non-resistance in 
the wall of the tube, and thus to 
act by influencing tlie longitudinal 
vibrations. In the organ, peculiar 
qualities of tone are obtained by 
these side holes, as in the “ viol di 
gamba ” and “ keraulophon ” stops. 

In flutes, oboes, clarionets, and 
others, great part of the tone comes 
from the bell, even when side holes 
are . open. In instruments wffiere 
the holes are long, as in the bas- 
soon, tlie hole itself becomes a 
separate vibrating tube. This may 
be shown by introducing tubes of 
different and increasing lengths into 
an orifice in the side of an organ 
reed-pipe. The friction at last be- 
I comes so great, and the secondary 
■wave so strong, that the pipe returns 
to its old pitch. When a reed is 
applied to a cylindrical tube, and a 
sharp-edged orifice opened ) at its 
mid<Ue, the production of any note 
whatever is prevented, but on a 
cylindrical nozzle being introduced, 
the octave is sounded freely ; nor is 
it altered by increasing the length 
of the nozzle to several inches, 
though there is then very little 
efflux through it. The general 
results deduced by tlie author are 
that the function of holes is double ; 
that the pitch of the note emitted 
varies with their size, shape, and even 
more with their length ; and that 
the actual severing of continuity in 
the principal tube is a comparatively 
minor point. Three tubes, varying 
in length from two to '«ix inches, 
were inserted in a cylindrical tube, 
like that of a clarionet, at right 
angles to its length, the longest 
being placed at the centre of the 
instrument, and the shortest at one- 
eighth from the mouth -piece. The 
same note was produced when each 
tube was used singly and when the 
three were employed. Tire author 
hopes that a series of experiments may 
c 2 
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render it possible to develop curves 
in which the co-ordinates wUl be the 
len^hs of the additional tubes and 
their positions in the instrument, 
and also that a new instrument may 
be produced, in which the side ori- 
fices shall act purely as nodal points 
by the assistance of friction and con- 
tracted vein . — Physical Society. 

Just and Tempered Intona- 
tion. — By A. G. Ellis (a paper read 
before the Musical Association). — 
By “intonation” we understand the 
selection of a set of musical sounds 
on fixed principles. “Just intona- 
tion ” is where we select such sounds 
only as form i)erfect consonances. 
“ Tempered intonation ” is where the 
selected sounds are modified in some 
way, so that they are rendered more 
manageable for practical applica- 
tions. 

No two simple tones produce beats 
in the ear unless they lie within a 
certain interval, which varies from 
nearly a major third in the lower to 
about a tone in the higher part of 
the scale. 

When two tones sound together 
a resultant tone is heard, whose vi- 
bration number is the difference of 
those of the primaries. The obser- 
vation that, if the two tones were 
within beating distanee the beats 
are heard also as a separate effect, 
disposes of the old theory of Young. 

Musical notes are heard in the ear 
as if th^ consisted of aU the tones 
whose vibration numbers are as suc- 
cessive integers. That the note of a 
tuning fork is composite may be 
shown by presenting it successively 
to resonators tuned to the funda- 
mental and octave, both of which 
will be sounded by it. Any simple 
tones which belong to the harmonic 
series may be added to a note, and 
will produce ojly a change in the 
quality of tone without disturbance 
or beats. When composite notes 
are added instead, there is a differ- 
ence which is inappreciable so long 
as tho tuning is perfect. If the 


notes thus introduced do not belong 
to the harmonic series, there will be 
pairs of tones here and there wdthin 
beating distance, and beats will 
arise. By using notes deprived of 
their fifth partials, a major third 
can be formed quite out of tune, 
which yet gives no beats. 

The principal temperaments are 
the e(pial temperament, the mean 
tone, the Greek, and the Arabic ; 
this last is derived from the Greek 
by siihstitiitingD^ for Off in the chord 
of A. 

“Wolf” in the ViolonceUo. 
— ByW. T. Kingsley. — The “wolf” 
occurs somewhere about the low E 
or E flat, and may be attributed to 
the finger-board having the same 
pitch, so that the finger-board be- 
comes as it were a portion of the 
string stopped down on it and vi- 
brates with it : if this is the true 
cause, the “ w^olf ” cannot be got rid 
of, but may be placed at such a pitch 
between E and E flat as to occur on 
a note rarely used ; also by thicken- 
ing the neck of the finger-board, the 
extent of the discursion in the vibra- 
tion may be made less. — A difterent 
explanation of the phenomenon was 
given by M. Savai't, which w^as to 
this effect. The old Italian makers 
constructed the violoncello of such 
dimensions that the mass of air in- 
cluded within the instrument reso- 
nates to a note making 85’3.‘l vibra- 
tions in a second, a number which 
then represented the lowest F on 
the 0 string, but wbicb now, owing 
to the rise of pitch since the begin- 
ning of the eighteenth^ century, 
nearly represents the note E imme- 
diately below it. Savart’s theory 
was that notes half a tone above or 
below this E will cause beats between 
the vibrations of the string and those 
of the mass of included air. It 
seemed quite possible that the mass 
of air contained in the instrument 
should be capable of controlling the 
vibrations of the whole instrument, 
but not that the vibrations of the 
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finger-board alone could do this. 
For the sound, technically called the 
“wolf,” is an actual check to the 
whole vibration of the violoncello, 
producing not merely beats, but a 
baying sound, destitute of the free- 
dom of vibration which characterises 
other notes. But a great objection 
to the above explanation is this ex- 
periment. On an Italian instrument, 
the upper D on the fourth or lowest 
string is the imperfect note. But 
when the same note is elicited from 
the third string, tlie note is perfectly 
resonant. Tliis peculiai- effect seems 
then to depend upon the point of 
the finger-board which is pressed. 
It is also well known that the 
“wolf ” can be modified by an altera- 
tion of the position of the sound-post. 
As an explanation, we may conceive 
that the whole framework of the 
violoncello vibi’ates lilce a stretched 
string, producing its fundamental, 
with a series of ovortouos, and that 
a nodal line passes through theiJoiut 
of the finger-board, pressure upon 
which produces iLe “wolf,” and 
that thus, all vibrations being de- 
stroyed except those which have a 
node at the point of pressure, this 
peculiar tone is elicited . — Camhriihje 
Philosophical Society, 

Alteration of the Note of 
Railway Whistles in Trains 
meeting each other. — By W. 
Pole {Natare ). — If two railway trains 
meet and pass each other at tolerable 
speed, and the driver of one of them 
is sounding his whistle, any person 
in the other train accustomed to 
music will notice that the moment 
the whistle passes him its note will 
be lowered in pitch in a marked 
degree. 

It was at first supposed that at, 
the time of passing, the driver 
lowered his whistle intentionally, 
as a salute to the other train (like 
“dipping the eusign” at sea), but 
this was found not to be the fact, 
the driver himself being unconscious 
of any change. 


Every miisical note propagates 
aerial waves succeeding each other 
with a known rapidity, correspond-, 
ing to the pitch of the note; the* 
higher the pitch the greater the 
rapidity of succession of the waves, 
and vice versd. Now, when a person 
advances to meet these waves, more 
of them will pass him in a given 
time than if he stood still, thus the 
apparently increased rapidity of the 
waves will give him the impression 
of a sharper note. . 

On tlie other hand, when the 
trains have passed each other, the 
listener will bo moving in the same 
direction as the sound-waves, and 
consequently a less number will pass 
him in a given time, causing the 
note to appear flatter. 

Tlie sum of these effects wfill be 
tlie sudden drop of the pitch of the 
note at the moment the listener 
passes the whistle. 

We may reduce the effect to nii- 
meiical calculation. 

Taking 1,120 feet per second as 
the velocity of sound for ordinary 
conditions, the following table shows 
tlie value of the drop for different 
speeds : — 


Conjoint speed of tbo 
two meeting trains. 

Corresponding 
drop of the note 
of the whistle. 

Miles 

Feet 


jier hour 

lier second. 

1 

f A semitone 

I'-t 

LU •] 

1 

\ 

[ (If) 

, A whole tone. 

4.‘. 

08 

i (f) 

f A minor third 

7!) 

102 1 
1 

1 

1 (f) 

^ A major third. 

Sj 

125 j 

( 

(f) 

r A fourth 

108 

ICO 4 

(1) 


\ 

A fifth 

152 

224 -j 

. (t) 


I have made observations wher 
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ever I have had the opportunity, 
and find the results corroborate the 
deductions of theory. The most com- 
mon interval observed in ordinary 
travelling is about a third, major or 
minor, corresponding to a speed of 
between thirty-five and forty miles 
per hour for each train. 

Refraction of Sound.— By Pro- 
fessor Osborne Reynolds (British 
Association). — The author remarked 
that in previous papers he had 
pointed out that the upward dimi- 
nution of temperature in the atmo- 
sphere must refract and give an 
upward direction to the rays of 
sound whicli would otherwise i)ro- 
ceed horizontally, and suggested 
that this might be the cause of the 
observed di&renec of tlie distinct- 
ness witli which similar sounds were 
heard on different occasions, parti- 
cularly of the very marked advantage 
that the night has over the day in 
this respect. On this subject he 
had made a series of experiments. 
He mentioned a case in which at 
sea, when leaving a yacht in a small 
boat, for the i)urpose of making ex- 
periments on sound, those in the 
yacht and the boat were able to call 
to one another, and be heard at a 
distance of three-and-a-lialf miles, 
and that the liiss and rejjort of a 
rocket sent up from the yacht, was 
heard at a distance of live mih.'S. 
Also on the same occasion the bark- 
ing of a dog on shore, whicli was 
eight miles distant, was heard, and 
the paddles of a steamer which must 
have been fifteen miles off were 
distinctly audible. The distinctness 
with which sounds of such compara- 
tively low intensity could be heard 
was perhaps beyond anything defi- 
nitely on record. As the result of 
a series of experiments made by 
means of an electric bell, it was 
found that when the sky was cloudy 
and there was no dew, the sound 
could invariably be heard much 
further with than against the wind ; 
but when the sky was clear, and 


there was a heavy dew, the sound 
could be heard as far against a light 
wind as with it. On one occasion 
in which the wind was very light 
and the thermometer showed 30° 
Fahr. at one foot above the grass, 
and 47° Fahr. at eight feet, the 
sound was heard 440 yards against 
the wind and only 270 yards with it. 

Tone in Music.— Helmholtz. — 
A little attention will lead anyone 
possessing an ordinarily snsceptiblo 
ear to the percoj^tion that a musical 
sound has three properties. These 
arc : (1) its pitch, or its degree of 
acuteness or gravity in the musical 
scale ; (2) its strength, or degree of 
loudness or softness ; (3) the quality 
or character of tone. 

The ^nich of a musical sound de- 
pends on tlie ra})iclity of the vibra- 
tions which cause it. 

The strength, or degree of loud- 
ness or softness of a musical sound, 
depends on tlie amplitude or extent 
of the vibrations, a larger ampli- 
tude giving a louder sound, and vkft 
vtrud, 

"llie third property of musical 
soimcls is their quality or peculiar 
cliaracter of tone. A violin, for ex- 
ample, gives a tone of a different 
(piality from that of a clarionet, an 
oboe, a flute, or a trumpet, which 
all again differ from each other. 
These varieties of (piality of tone 
are almost infinite. 

The tone of a particular violin, or 
of a particular violin player, can be 
identified by a connoisseur among a 
hundred, and we all know tliat the 
varieties of quality of the human 
voice, even in the same register, are 
as easily recognised by the ear as 
the vaiieties of physiognomy are by 
the eye. 

The nature of this property of 
sounds has hitherto been very ob- 
scure. 

To put the problem clearly, sup- 
pose we have two musical sounds of 
the same pitch and the same degree 
of loudness, but of different quali- 
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ties. To what physical cause is the 
cUtference in quality due ? We know 
that tlie rapidity and the amplitude 
of the vibrations is the same in both 
cases ; what other element of varia- 
tion can enter into the plienomcnon ? 
Helmholtz is tlie first who has 
given a complete answer to the 
question. 

It very seldom happens that a 
musical sound consists of one siniplo 
note ; it is generally a compound of 
many notes combined together. To 
illustrate this by a simple example, 
suppose a stretched string, such as 
a violin string or pianoforte wire, 
sounds any particular note. This 
note, which is called tlie funda- 
mental one, will be due to the vibra- 
tions of the string as a whole, and if 
we could prevent any other kind of 
vibration this sound would be a 
simple one. But the string has a 
natural tendency to take upon itself 
other partial vibrations, and thereby 
to complicate the effect produced. 
It will divide itself sjiontaneously 
into two, three, four, live, six, or 
more aliquot parts, and eacli of these 
parts will set up an independent 
vibration of its owui, giving a now 
note corresponding to its lengtlu 
All these will sound together, and 
thus by the vibration of the string 
we get not only the fundamental 
note (which is usually the loudest 
and most j)romiDent), but its octave, 
its tw^elfth, its double octave, its 
seventeenth, nineteenth, and so on, 
all heard in addition, and giving a 
sound which is a compound of them 
alL All the additional notes above 
the fundamental hare been usually 
called in England harmonics ; Helm- 
holtz calls them overtones (ober- 
tone). 

A compound sound, so far as its 
effect on the ear is concerned, is 
due to a particular form of air-wave, 
produced in the instance given by 
the superposition of different seta of 
vibrations of the sounding body ; 


equally well produced by other 
means, -such as a reed; or it may 
originate in the air itself, as in a 
flute. In every case where a given 
fundamental note is found, there is 
the same tendency for it to he ac- 
companied by subsidiary fractional 
vibrations, producing corresponding 
overtones. 

Helmholtz shows that the senses 
are apt, in the presence of prominent 
facts, to ignore others which may be 
less x>romincnt but equally real ; and 
he reasons that as tlie fundamental 
note is almost alw'ays stronger than 
any of the others, the ear is inclined 
to refer the whole combination to 
that one note, and refuses to take 
the trouble of aejiaratiug and identi- 
fying the various elements of the 
sound. 

By a little jiractice the ear may 
be educated to distinguish and sepa- 
rate tlie various notes which make 
up a comxiound sound, and wdien 
the habit of doing this is acquired, 
the illusion disaxipears. But that 
no jiroof may be wanting of this im- 
portant principle, Helmholtz has 
contrived certain instruments called 
resonators, each of wdiich will test 
the xiresencc of a particular over- 
tone, and by submitting these in 
succession to the vibrating intiiienco 
of the compound tone, they at once 
show whether the sounds tliey aro 
tuned to are jireseut or absent 
therein. 

The explanation he uses as the 
basis for most of his researches, 
namely, the compound nature of 
musical souuds. 

Among the many novel uses 
Helmholtz makes of this fact, the 
most important, physically, is the 
way in which he deduces from it the 
explanation of the third property of 
musical sounds, namely, their qu^ity 
or character of tone. 

Helmholtz has shown, by the 
most conclusive investigations, that 
the quality of a musical tone de- 
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the comparative strength of the 
various harmonical notes of which 
the tone is compounded. 

The overtones accompanying a 
fundamental note may be present in 
greater or less number, and they 
may vary considerably in compara- 
tive loudness or softness, and it is 
on the combination of these sources 
of variation that the quality of tluj 
tone will depend — or, to put the 
explanation in another and more 
scientific shape ; as the pitch of a 
sound dex>ends on the length or the 
frequency of recurrence of the air- 
wave, and the loudness on the 
degree of disturbance of the particles 
of the air therein ; the quality of 
tone depends on what is called its 
internal form, or on the varieties 
of arrangement of expansion and 
compression of the air contained 
within one complete periodic cycle 
of oscillation. 

Some modification in efifect is often | 
produced by a sound being accom- 
panied by unmusical noises, such as 
the escaping of imperfectly used 
wind in a pipe, the unskilful scratch- 
ing of the bow ou a violin, the beat- 
ing of reeds, and so on ; but these 
are rather impurities than varieties 
of tone, and may be excluded from 
consideration. 

There are very few natural sounds 
which are entirely simple, consisting 
of the fundamental note only. The 
nearest approach to them may be 
found in the larger stopped wood 
pipes of an organ, an old-fashioned 
(not a modern) Hute, and a tuning- 
fork after the sharp ring has sub- 
sided. The vocal sound of the 
Italian U (our oo) is also nearly a 
simple one. These examples will 
give the idea that simple tones are 
soft, dull, and entirely devoid of 
what is called brilliancy. 

The addition of overtones gives 
this brilliancy and at the same time 
adds life, richness, and variety. It 
is to them that we owe entirely the 
agreeableness and pleasurable effect 


of musical tones. In proportion as 
the higher overtones predominate, 
so will the sound be bright and 
sparkling, or if in great predomi- 
nance it will become metallic, thin, 
and wiry. If, on the other hand, 
the upper tones are weakened and 
the lower strengthened, the tone 
becomes more full, rich, and mellow. 
All the qualities of toue most,^ 
esteemed and most useful in music 
are rich in overtones. — Nature. 

Specific Heat of Carbon. — 
{Academy ). — The law enunciated by 
Dulong and Petit, that the product 
of the specific heat into the atomic 
weight of a solid elementary body is 
a constant quantity, was shown by 
Regnault to be of very general ap- 
plicability, the numerical value of 
the constant (the atomic heat) being 
about 6 *3. For three solid elements, 
however — silicon, boron, and carbon 
— considerably smaller atomic heats 
were obtained, \dz., 4*8 for silicon, 
2*7 for crystallised boron, and 1*8 
crystallised carbon. Examining in 
succession the various allotropic 
modifications of carbon, Regnault 
found the specific heats to vary be- 
tween 0'1429 (for diamond) and 
0’2608 (for animal charcoal). Con- 
temporaneously with Regnault, De 
la Rive and Marcet found much 
smaller numbers for the specific heat 
of carbon. Again, Kopp and WuU- 
ner obtained numbers differing from 
each other as well as from those of 
Renault and De la Rive. The 
differences in the individual results 
are so great as to preclude the belief 
that they are due to errors in the 
methods of experiment or to im- 
purities in the substances themselves. 
Dr. H. F. Weber {Phil. Mag.)^ at- 
tributes these differences to the 
widely differing ranges of tempera- 
ture between which the specific 
heats were estimated. His elaborate 
researches show that the specific 
heats of these bodies increase very 
rapidly with the temperature. In 
the case of diamond, for instance, 
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Jie found the specific heat at -50® C. 
to be 0 0635 ; at 247° it was 0 3026, 
and at 986°, 0*4622. From low 
temperatures the specific heat rises 
steadily, till aeertain point is reached, 
after which, with further rise of 
temperature, it remains constant. 
This point for carbon and boron is 
about 600° C., for silicum about 
200° C. The specific heat of carbon 
is increased seven times, that of 
boron, 2^ times, in raising the tem- 
perature from 50° to 600° C. 

Thermal Conductivity of 
Rocks.— Professor Herschel and 
Mr. Lebtourlind that quartz offers 
the least resistance to the passage of 
heat. Slate in the direction of the 
cleavage they found to have a 
greater resistance tlian across it. 
Sandstone, brick, and plaster-of- 
Paris conduct heat better when wet 
than when dry. 

Thermal Conductivity of 
Mercury. — Herman Herwig. — 
{Phil. According to Wiede- 

mann and P>anz, the metals have 
equal conducting power for heat 
and electricity, and since we know 
from numerous experiments that for 
electric conductivity a very marked 
variability with the tcm23eratiire 
takes place, it follows, if the state- 
ment of Wiedemann and Franz be 
true, that there will be found for 
the thermal conductivity of most 
metals a variability v/ith temper- 
ature in about the same degree. On 
the other hand, Lorenz has asserted 
the independence of temperature of 
the heat- conductivity of pure metals 
which remain homogeneous, and ac- 
counted for the observed variations 
by assuming the development of 
thermo-electric currents in conse- 
quence of unequal heating of the 
metals. To decide this question it 
waff necessary , to employ a pure 
metal which remains homogeneous, 
and mercury was accordingly selected 
as being the only known metal satis- 
fying the condition. Herwig’a ex- 
periments show that between 40® 


and 160° C. the heat-conducting 
power of pure mercury is perfectly 
constant, and so far confirm the 
results of Lorenz.— 

Thermal Conductivity of 
Liquids. — Dr. WinkelmanninPo*/- 
gendorff^s Annalen, gives an account 
of his investigations on the thermal 
conductivity of water, solutions of 
sodium chloride, alcohol, carbon 
bisulphide, and glycerine. His 
mode of experimenting was as 
follows : — He employed two brass 
cylinders, the smaller, which served 
as an air thermometer, being so 
fixed within the larger that the 
perpendicular distance between the 
surfaces of tlie two was the same at 
all points. The space between the 
cylinders he liJled with tiie liquid 
under examination. Into a hole in 
the top of the inner cylinder was 
cemented a glass tube, which, pass- 
ing through the upper surface of 
the outer cylinder, was bent twice at 
right angles, and dipped into a cup 
of mercury. The apparatus, after 
having been allowed to assume a 
uniform temperature, was placed in 
a mixture of ice and water. The 
mercury rose in the glass tube, con- 
sequent upon the contraction of the 
air in the air thermometer, and the 
position of the top of the column 
was observed at fixed intervals of 
time by means of a kathetometer. 
From the experimental data thus 
obtained, the velocity of cooling was 
calculated, and thence the coeffi- 
cients of thermal conductivity. To 
secure equality of temperature on 
the surface of the outer cylinder the 
author used an annular stirrer, the 
inner edge of which was armed with 
fine brumes. It is assum^ that in 
consequence of the equal cooling of 
the outer vessel at all points of its 
surface, no convection currents arise 
to interfere with the conduction - 
passage of beat. The following 
numbers represent the coefficients 
of thermal conductivity for the cor- 
responding liquids, a centimetre and 
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a second being the units of length 
JWid time ; — 

Water . . . 0-001540 

Sodium chloride (20 
per cent, of salt) . 0*001012 

Sodium chloride (33*3 
per cent, of salt) . 0*002675 
Alcohol . . . 0-001506 

Carbon bisulphide . 0 002003 

Glycerine . . 0 -000748 

It appears from the above that solu- 
tions of sodium chloride conduct 
heat better than pure -water, and 
better as the per centage of salt is 
greater, a result which agrees with 
those obtained by Dr. Guthrie. Ac- 
cording to Limdquist and Paalzow, 
however, the heat-conductivity of 
water is not improved by the 
presence of salts in solution — 
Acadeiny, 

Thermal Conductivity of Ice. 

— By Dr. Pfaff {Sitzungsherkhte dtr 
Phys, Med. Soc. Erlangen). — Com- 
paring the conducting power of ice 
with that of iron, the author finds 
that ice is far from being a bad con- 
ductor of heat. In fact, taking Des- 
pretz’s figures, which represent the 
conductivity of gold by 1,000, plati- 
num 981, silver 973, iron 374, and 
tin 303, the conducti\dty of ice may 
be represented by 314. — Athenwwm. 

Ice under Pressure. — Dr. 
Pfaflf, of Erlangen, has lately made a 
series of experiments to know, with 
reference to glacier motion, what is 
the minimum of pressure at whicli 
ice yields to pressure. It was found 
that even the smallest pressure was 
sufficient to dislocate ice -particles if 
it acted continuously, and if the 
temperature of the ice and its sur- 
ronndings near the melting- 

point. At a pressure of two atmo- 
spheres ice showed itself so yielding, 
tnat a hollow iron cylinder of 
11 ;5 mm. diameter and 1*7 mm. 
thickness of side entered 3 mm. 
deep into the ice within two hours 
and at a temperature of between 
- 1® and -f O ^'C. The following 
will show tbe influonco of tempera- 


ture. The same iron cylinder under 
the same pressure entered 1 -25 mm.- 
deep into the ice in twelve hours at 
a temperature of between -—I® and 

— 4' G. ; while at a temperature 
varyiug between ~ 6“ and 12'" 0. it 
only entered 1 nim. deep in five 
days, at a pressure of five atmo- 
spheres, or only 0*1 mm. in twelve 
hours. If the temperature of the 
surroundings rises beyond ths* 
melting-point the ice becomes so soft 
that in one hour the same iron 
cylinder under the same low pres- 
sure entered 3 cm. deep into the 
ice, although it was completely sur- 
rounded by snovv- in order to prevent 
the temperature of the cylinder 
itself rising beyond 0”. In these 
experiments a lever was used to 
regulate the pressure ; it consisted 
of a steel rod of 86 cm. length, which 
had a boring at its end, and was 

i fastened to a steel plug round which 
it could easily be turned. By this 
simple contrivance any desired pres- 
sure could be maintained for any 
length of time. Herr Pfaff is of 
opinion that at this temperature the 
plasticity of the ice only becomes nil 
when the pressure itself is nil, but 
that it decreases very quickly as the 
temperature gets lower. 

The opinion is widely spread, 
based upon the experiments of Tyn- 
dall, that ice is not in the least 
flexible or ductile. Herr Pfaff' ex- 
perimented with a parallelepiped of 
ice of 52 cm. length, 2*5 cm. breadth, 
and 1-3 cm. thickness. This was 
placed -with its two ends on wooden 
supports, so that on eacli side 5 mm, 
were resting on wood. From Feb. 
8th to Feb. 15th, when the tempera- 
ture remained between — 12“ and 

- 3’5 C., the middle sunk very little, 

I on the average 2 or 3 mm. in twenty- 

four hours, so that on Feb. 15th the 
total bend amounted to 11*5 mm. 
Then the temperature rose but still 
remained under — O'" C. ; yet this 
rise caused a great increase in the 
bending, as it rei^chpd the v^lue of 
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9 mm. in twenty-four hours (there- 
fore 20-5 in all). Nowhere could 
any crack or tear in the ice be seen ; 
the lower surface was examined 
with particular care, and did not 
show the trace of a crack ! 

This behaviour of ice tow^ards 
pressure at different temperatures 
throws a new light upon the fact 
that the velocity in the motion of 
glaciers increases with temperature. 
As the glacier ice and the air over it 
possess a temperature, in the sum- 
mer months at least, which lies very 
near the freezing point, it is evident 
that a very small pressure suliices to 
cause the glaciers to move. — Nature. 

Salt Solutions and Attached 
Water. — By Professor Outline 
{Phil. Mag .) — ^Wlicn ordinary brine 
is sufficiently reduced in tempera- 
ture, ice is separated, while the 
brine becomes richer in salt. But if 
the solution be saturated, crystals 
of a bihydrate of chloride of sodium 
are formed, and their separation 
necessarily impoverishes the brine. 
Now, Professor Guthrie finds that 
when this impoverished brine is fur- 
ther cooled, by contact with solid 
carbonic acid and ether, the whole 
solidifies, the water and salt forming 
a homogeneous crystalline mass of 
definite composition, which is pro- 
bably a hychate containing ten mole- 
cules of water. The term (Jryohy- 
drates is provisionally proposed for 
the newly-discovered class of bodies, 
of which this compound is a type : 
a class of bodies, in fact, which con- 
tains water combiued with various 
salts, and which solidify below the 
freezing-point ^of water. In the 
freezing of (sea-wator ice is first 
formed ; but it is probable that the 
remaining brine may be so enriched 
as to throw out, on continued cool- 
ing, some of these cryohydrates. 
Professor Guthrie concludes that 
the degree of saltuess of an ice-floe 
will depend not only on its age, as 
Hr. Rae had already observed, but 
also on the rapidity with which it is 
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first formed, and on the lowest tem- 

E erature to which it has afterwards 
een submitted. 

Salt Solutions and Attached 
Water.— Professor Guthrie {Physi- 
cal Society ). — Continuing the direc- 
tion of research previously indicated, 
the author described the following 
facts : Contrary to the generally re- 
ceived opinion, the minimum tem- 
perature attainable by mixing ice 
with a salt is very independent of 
the ratio of the two and of their 
temxjerature and of the state of divi- 
sion of the ice. The temperature of 
a mixture of ice aud a salt is as con- 
stant and precise as the melting 
points of ice. The nine salts result- 
ing from the union of potassium, 
sodium, and ammonium on the one 
hand, and clilorino, bromine, aud 
iodine on the other, were examined 
in reference to tlieir cryohydrates, 
the temperatures of the formation of 
wliich range from -28" to -IP C, 
For the same halogen, sodium salts 
assume less water than ammonium, 
and ammouium less than potassium. 
For the same metal, iodine salts as- 
sume less water than bromine, and 
bromine salts less than chlorine. The 
result of the examination of thirty- 
five salts establishes the identity of 
the temperature at which the cryo- 
hydrate is formed with the temx>era- 
turc got by mixing the salt with ice. 
Only two apparent exceptions to this 
identity have been as yet observed. 
The temperature at which a cryohy- 
(Irate is formed, is, with similar salts, 
lower according as it assumes a less 
molecular ratio of water. There ap- 
pear to be no exceptions to the rule, 
that the lower the temxjerature got by 
mixing the salt with ice, the lower 
the molecular ratio of wat^r. The 
tfemperature of incipient solidifica- 
tion of spirits of wine of different 
strengths was also examined. It 
was found that from spirits contain- 
ing more water than the four mole- 
cule hydrate pure ice was separatee!, 
and that the temperature gradually 
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sank to -34® C. , when the ratio of 
the four molecule hydrate was 
reached ; thence the temperature re- 
mained constant and the whole solidi- 
fied into a hard mass. When a 
spirit richer thau this cryohydrate 
is cooled, the cryohydrate separates, 
and stronger and stronger spirit is 
left which ultimately defies the 
source of cold to solidify it. Prof. 
A. DuprC’s experiments regarding 
the maximum temperature produced 
on diluting alcohol are singularly 
confirmed. For this experimenter 
showed that this very four molecule 
ratio produced the greatest heat in 
its formation. Ethylic ether, wliich 
dissolves water and is dissolved by 
it, seems to form a definite cryohy- 
drate. Water saturated with ether 
solidifies at -2' C. without separa- 
tion of ether. The icy mass so got, 
when ignited, burns with a colour- 
less flame, the heat of which just 
suffices to melt the ice. 

Dissipation of Energy.—Lord 
Rayleigh (^Royal InstittUlon ). — The 
second law of thermodynamics, and 
the theory of dissipation founded upon 
it, has been for some years a f avoui ite 
subject with mathematical physicists, 
but has not hitherto received full re- 
cognition from engineers and che- 
mists, nor from the scientific public. 

A heat engine is an apjjaratus 
capable of doing work by means of 
heat supplied to it at a high tempera- 
ture and abstracted at a lower, and 
thermodynamics shows that the 
fraction of the heat supplied capable 
of conversion into work depends on 
the limits of temperature between 
which the machine operates. A non- 
condensing steam engine is not, pro- 
perly speaking, a heat engine at all, 
inasmuch as it requires to be supplied 
with water as well as heat, but it 
may be treated correctly as a heat 
engine giving up heat at 212® Fahr. 
This is the lower point of tempera- 
ture. The higher is that at which 
the water boiSi in the boiler, per- 
haps 363® Fahr. The range of tem- 


perature available in a non-condens- 
ing steam engine is therefore small 
at best, and the importance of work- 
ing at a high pressure is very ap- 
parent. In a condensing engine the 
heat may be delivered up at 80® Fahr. 

It is a radical defect in the steam 
engine that the range of temperature 
between the furnace and the boiler 
is not utilised, aud it is imposs-ilfle 
to raise the temperature in the boiler 
to any great extent, in consequence 
of the tremendous pressure that 
would then be developed. There 
seems no escape from this difficulty 
but in the use of some other fluid, 
such as a hydrocarbon oil, of much 
higher boiling point. The engine 
would then consist of two partes — 
an oil engine taking in heat at a high 
temperature, and doing work by 
means of the fall of heat down to the 
point at which a steam enginebecomes 
available, and secondly a steam engine 
receiving the heat given out by the 
oil engine and working down to the 
ordinary atmospheric temperature. 

Heat engines may be worked back- 
wards, so as by means of work to 
raise heat from a colder to a hotter 
body. This is the principle of the 
air or ether freezing machines now 
coming into extensive use. 

When heat passes from a hotter 
to a colder body without producing 
work, or some equivalent effect such 
as raising other heat from a colder 
to a hotter body, energy is said to be 
dissipated, and an opportunity of 
doing work has been lost never to 
return. If on the other hand the fall 
of heat is fully utilised, there is no dis- 
sipation, as the original condition of 
things might be restored at pleasure ; 
but in practice the full amount of 
work can never be obtained, in con- 
sequence of friction and the other 
imperfections of our machines. 

The prevention of unnecessary dis- 
sipation is the guide to economy of 
fuel in industrial operations. Of 
this a good example is afforded by 
the regenerating furnaces of Mr. 
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Siemens, in which the burnt gases 
are passed through a passage stacked 
with fire-bricks and are not allowed 
to escape until their temperature is 
reduced to a very moderate point. 
After a time the products of com- 
bustion are passed into another pas- 
sage, and the unburnt gaseous fuel 
and air are introduced through that 
which has previously been heated. 

The chemical bearings of the 
theory of dissipation are very im- 
portant. A chemical transformation 
IS impossible, if its occurrence 
would involve the opposite of dissi- 
pation (for which there is no con- 
venient word) ; but it is not true, 
on the other hand, that a transfor- 
mation which would involve dissi- 
pation must necessarily take place. 
Otherwise the existence of explosives 
like guupow'der would be impossible. 
It is often stated that the develop- 
ment of heat is the criterion of the 
possibility of a proposed transforma- 
tion, though exceptions to this rule 
are extremely well-kuown. It is 
sufficient to mention the solution of 
a salt in water. This operation in- 
volves dissipation, or it wmuld not 
occur, and it is not difficult to see 
how work might have been obtained 
in the process. The water may be 
placed under a piston in a cylinder 
maintained at a rigorously constant 
temperature, and the piston slowly 
raised until all the water is evapor- 
ated, and its tension reduced to the 
point at wdiich the salt would begin 
to absorb it at the temperature in 
(juestion. After the salt and vapour 
are in contact the piston is made to 
descend until the solution is effected. 
In this process work is gained, since 
the pressure under t]ie])iston during 
tlie expansion is greater than at the 
corresponding stage of the contrac- 
tion. If the salt is dissolved in the 
ordinary way energy is di8six)ated, 
an opportunity of doing work at the 
expense of low temperature heat has 
been missed and will not return. 

The difficulty in applying ther- 


modynamical principles to chemistry 
arises from the fact that chemical 
transformations cannot generally be 
supposed to take place in a reversible 
manner, even although unlimited 
time be allowed. 

The possibility of chemical action 
must often depend bn the density of 
the reacting substances. A mixture 
of oxygen and hydrogen in the proper 
proportions may be exploded by an 
electric spark at the atmospheric 
pressure, and energy will bo dissi- 
pated. In this operation the spark 
itself need not be considered, as a 
given spark is capable of exploding 
any quantity of gas. Suppose, now, 
that previously to explosion the gas 
is expanded at constant temperature, 
and then after explosion brought 
back to the former volume. Since 
in the combination there is a con- 
densation to tw’o-thirds, the pressure 
required to compress the aqueous 
vapour is less than that exercised at 
the same volume by the uncombined 
gases, and accordingly work is gained 
on the whole. Hence the explosion 
in the expanded state involves less 
dissipation than in the condensed 
state, and the amount of the dift'er- 
ence may be increased without limit 
by carrying the expansion far enough. 
It follows that beyond a certain 
X>oint of rarity the explosion cannot 
be made, as it could not then involve 
any dissqmtion. But although the 
tendency to combine diminishes as 
the gas becomes rarer, the heat de- 
veloped during the combination re- 
mains aj^proximately constant. 

It must be remembered that the 
heat of combination is generally de- 
veloi)ed at a high temperature, and 
that therefore work may .be done 
during the cooling of tho i)roducts of 
combustion. li’, therefore, it is a 
necessity of the case that the act of 
combustion should take place at a 
high temx)erature, the possibility of 
explosion will cease at an earlier 
point of rarefaction than would other- 
wise have been the case. 
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It may probably be found that 
many mixtures which show no ten- 
dency to explode under ordinary con- 
ditions will become explosive when 
sufficiently condensed. 

Effects of Heat on the Struc- 
ture of Steel. — By Professor Bar- 
rett (British Association). — The 
author finds that if steel wire be 
heated by any means, at a certain 
temperature it ceases to expand, 
although the heat be continuously 
poured in. During this period also 
the wire does not increase in tem- 
perature. The length of time during 
which this abnormal condition lasts 
varies with the thickness of the 
wire and the rapidity with which 
it can be heated through. It ceases 
to expand, and no further change 
takes place till the heat is cut off. 
When this is done the wire begins 
to cool down regularly till it has 
reached the critical point at which 
th« change took place on heating. 
Here a second and reverse change 
occurs. At the moinout that the 
expansion occurs, an actual increase 
in temperature takes place suffi- 
ciently large to cai\se the wire to 
glow again with a red-hot heat. It 
is curious that this after-glow had 
not been noticed long ago, for it is 
a very conspicuous object in steel 
wires that have been raised to a 
white heat and allowed to cool. 

The Porce caused by the 
communication of Heat be- 
tween a Surface and a Gas. — 
Professor Osborne Reynolds. — Mr. 
Crookes has discovered that, under 
certain conditions, discs of pith 
suspended in a very perfect vacuum, 
and at the end of arms free to rotate, 
spin round when light or radiant 
heat falls upon them. Prof. Rey- 
nolds disputes Crookes’ view that 
radiant heat is attended by a force 
which produces this effect. When a 
candle is presented the disc tends to 
run iiway, and when a piece of ice 
is presented it tends to follow ; this 
shows that the force is not a radia- 


tive one, and he considers that, 
except as regarded the raising of the 
temperature of the body, radiant 
heat has nothing to do with the 
motions. The suspended body may 
give up its heat to the ether or to 
the surrounding gas, and thus pro- 
pel itself, for the communication of 
this heat to the surrounding mediuhi 
must be accompanied by a reaction. 
It has been said that Mr. Crookes 
uses a perfect vacuum, so that there 
can be no gaseous reaction ; but it 
remains to be proved that he uses a 
vacuum so absolutely perfect. The 
greater the perfection of the vacuum 
t^he less is the resistance, and that 
is why the body appears under such 
circumstances to be driven by a 
greater force. He had not witnessed, 
the experiments with light, made 
by Mr. Oookes, but he thought that 
the results were probably due to the 
conversion of light into heat. Pro- 
fessor Balfour Stewart, the presi- 
dent, remarked that, as had been 
said by Professor Stokes, it was 
doubtful whether Professor Rey- 
nolds’ explanation covered the whole 
ground. There was something else 
besides residual gas in the bulbs, 
viz,, ether, aud the particles of the 
radiometer miglit communicate more 
force to the ether when moving in 
one direction than when falling back 
again ; consequently, motion might 
be given to the Avholc body to re- 
store the balance. At all events 
Mr. Crookes’s experiments were 
among the most interesting in the 
range of physical sciencG. — Britlah 
Association {Nature ) . 

Thermo-diffusion. — M. Merget 
(French Association, Nantes). — A 
thermo-diffuser is generally a porous 
vessel, filled with an inert powder, 
in the middle of which is a glass 
tube or a metallic tube riddled with 
holes. On heating such an apparatus, 
after liaving moistened it, steam is 
disengaged in abundance through 
the porous substance, while dry air 
traverses the apparatus in an inverse 
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direction, and escapes by the tube. 
If this escape be prevented, there is 
produced a pressure which reached 
three atmospheres at a dull red heat. 
If the pulverulent mass or the porous 
body ceases to be moist, no gas 
escapes. The author is convinced 
that there is here a thermo-dynamic 
phenomenon. Thermo-difi'usion must 
play an important part in the gas- 
eous exchanges of vegetable life ; he 
showed this by taking a leaf of 
Nelubium as a thermo-diffuser. 

Underground Temperatures. 
— By Sir William Thompson (Geolo- 
gical Soc., Glasgow). — These obser- 
vations are difficult to make, on 
account of the change of tempera- 
ture caused by the opening of the 
ground to place the thermometers. 
The best form of thermometer is 
that having a long -shaped bulb. 

Experiments were made at Edin- 
burg by Fourier, upou various 
kinds of rock, those experimented 
upon being sandstone, trap, and 
sand, and the depths from the sur- 
face were 3, (>, 1.2, and 24 feet (the 
foot here used is the Frencli foot -- 
T 006 English). It was ascertained 
that the range of temperature ou 
each side of a mean varied from 
7 '19^ Fahr. at 3 feet, to '63“ Fahr. 
at 24 feet. It also appeared, from 
an inspection of the curves laid 
down from these observations, that 
there was a retardation of phase, 
the periods of maxima and minima 
at the differciit dcpt lis arriving later, 
so that when there was winter tem- 
perature at 3 feet from the surface, 
there was summer temperature at 
24 feet from the surface. 

It was found that, generally 
speaking, the temperature of the 
earth increased by I*" Falir. for 
every 50 feet of depth. 

Oceanic Circulation. —Dr. W. 
B. Carpenter {British Association ), — 
After expounding with great com- 
pleteness the theory, which he lias 
for some time advocated, of a general 
circulation of the waters of the ocean, 


I due to the cooling and sinking of 
' polar waters and the indraught of 
warmer surface water to supply their 
place, the speaker laid before the 
Section some of the facts recently 
obtained by the Challenger Expedi- 
tion and by Capt. Belknap, of the 
United States frigate Tascarora, 
The point cliiefly dwelt upon related 
to the surface-drift of equatorial 
water to tlie South Pole. The 
I speaker admitted that 'there was uo 
I deep upper stratum of warm water 
I setting to the south to correspond 
with that which we are familiar 
in the North Atlantic ; but he put 
forth in explanation of this that the 
North Atlantic basin narrowed 
rapidly from the tropics northward, 
whilst the South Atlantic broadened 
out even in greater degree ; thus 
the warm stratum would thicken in 
travelling north, and, on the con- 
trary, thin out in its course south- 
ward. In the Antarctic Sea a thin 
stratum of water of warmer tempera- 
ture (30^ Fahr.) was indubitably 
proved to exist by the Challenger 
observations, but, iu that icy sea, it 
was overlaid by a colder surface stra- 
tum, the product of melted (chiefly 
fresh water) ice, which, by its lesser 
specilic gravity, floated above the 
denser saline warm substratum. 
The atmosphere being never warm 
enough to heat the antarctic water 
to the temperature (36^ Fahr. ) pos- 
sessed by the substratum, there 
could uot be the shadow of a doubt 
that the latter was derived from 
ecpiatorial sources. The temperature 
soundings of the Tascarora had 
thrown great light on tlie oceanic 
circulation of the North Pacific, 
Amongst the surprising fhets sup- 
plied was that of the exceedingly 
low temperature of the w^ater at 
moderate depths ; thus, near the 
coasts of Japan, the water was found 
to be at 35^ Fahr. at the depth of 
thirty fathoms. The Pacific being 
closed by the shallow sea south of 
Behring Straits against a bottom 
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flow of Polar water from the north, 
the cold lower stratum of the North 
Pacific must be derived from ant- 
arctic sources. 

Absorption of Light and 
Heat by the Solar Atmo- 
sphere. — Professor S. P. Langley, 
of Alleghany Observatory, at the 
last meeting of the American Asso- 
ciation detailed some of the conclu- 
sions at which he had arrived after 
years of study of the solar surface. 
He first showed by comparative 
experiments that an absorptive at- 
mosphere surrounds the sun. The 
earlier efforts to tabulate its absorp- 
tive power, produced with different 
observers, though men of eminence, 
strangely discordant results. Their 
methods and deductions were given 
in detail. Sccchi’s results, making 
the neighbourhood of the edge of 
the sun about half the brightness of 
the centre, are probabl}^ near the 
fact. The author applied well- 
known photometric methods to the 
problem. By attaching a circle of 
cardboard to the equatorial telescope, 
a solar image is received on the 
board, plainly showing spots, pen- 
umbrse, &c. , if the image be one 
foot in diameter. From holes in 
this cardboard pencils of rays issue, 
which, being caught on a screen, 
give a second series of images. If 
these images are caught upon sepa- 
rate mirrors, instead of a screen, 
their relative light can be made the 
subject of comparison with that of a 
disc of flame from Bunsen’s appa- 
ratus, and thereby their relative in- 
tensity determined. Between each * 
aperture and its respective mirror a 
lens was interposed, whichj concen- 
trated the pencil of rays. By suit- 
able additions this apparatus can 
be converted to a Rumford photo- 
meter. The blackest umbra, the : 
author finds, is between 5,000 and 
10,000 times as bright as the full 
moon. The light of the sun is ab- 
sorbed by its atmosphere not in the 
same, but in a greater proportion 


than its heat. A long series of 
experiments shows that not much 
more or less than one-half of the 
radiant heat of the sun is absorbed 
or suffers internal reflection by 
the atmosphere of the sun itself. 

I Observations indicate that this at- 
mosphere is (speaking compara- 
i tively) extremely thin : Professor 
Langley is inclined to regard it as 
identical with the “ reversing layer ” 
observed by Dr. Young of Dart- 
mouth, at the base of the chromo- 
sphere, though the chromospheric 
shadow should perhaps be taken 
into the account. The importance 
of a study of this absorbent atmo- 
sphere becomes evident if we admit 
that the temperature of the tem- 
perate zone is principally duo to the 
sun’s radiation. To this atmosphere 
new matter is constantly being 
added and takoi away by the con- 
tinual changes of the interior surface. 
Any alteration in tlie capacity for 
absorption— say a difference of 25 
per cent., which could ’ hardly be 
recognised by observation— would 
alter the temperature of our globe 
by 100'" C. The existence of life on 
the earth is clearly dependent on the 
constancy of the depth and absorp- 
tion of this solar envelope. Hitherto 
we have chiefly confined calculations 
to the diminution of solar heat by 
contraction of the sun’s mass — an 
operation likely to go on with great 
uniformity. But here is au clement 
of far more rapid variation. If 
changes in the depth of this solar 
envelope. are cyclical, they would be 
accompanied by cyclical alterations 
of the earth’s temperature. This 
may serve alike to explain the cha- 
racteristics of variable stars and the 
vast secular changes on earth indi- 
cated by geology. If the law of 
alterations in that envelope can be 
ascertained, new light may be shed 
on the history of the globe and the 
near future of life upon it. 

New Method of obtaining 
Isothermals on the Solar Disc, 
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—Alfred M. Mayer.— In the Ameri- 
can Journal, July, 1872, I showed 
how one can, with great precision, 
trace the progress and determine 
the boundary of a wave of con- 
ducted heat in crystals, by coating 
sections of these bodies with Meusel’s 
double iodide of copper and mercury, 
and observing the blackening of the 
iodide where the wave of conducted 
heat reaches 70"“ C. If wo cause 
the image of the sun to fall upon the 
smoked surface of thin paper, while 
the other side of tlie paper is coated 
with a him of the iodide, we may 
work ou the solar disc as we formerly 
did on the crystal sections. 

The method of proceeding is as 
follows : beginning with an aperture 
of object-glass wliich does not give 
sufficient heat in any part of the 
solar imago to blacken the iodide, I 
gradually increase the aperture until 
1 have obtained that area of black- 
ened iodide which is the smallest | 
that can be produced with a well- 
defined contour. This surface of i 
blackened iodide I caU the area of ' 
blackened temperature. On expos- 
ing more aperture of object-glass, 
the surface of blackened iodide ex- 
tends, and a uew area is formed 
bounded by a well-dehned isother- 
mal line. On again increasing the 
aperture another increase of black- 
ened surface is produced with an- 
other isothermal contour ; and ou 
continuing this process I have ob- 
tained maps of the isothermals of 
the solar image. By exposing for 
about twenty minutes the surface of 
iodide to the action of the heat in- 
closed in an isothermal, I have 
obtained thermographs of the above 
areas, which are sufficiently perma- 
nent to allow one to trace accurately 
their isothermal contours. There 
are other substances, however, which 
are more suitable than the iodide 
for the production of permanent 
thermographs. 

The contours of the successively 
blackened areas on the iodide are 


isothermals, whose successive ther- 
mometric values are inversely as the 
successively increasing areas of aper- 
ture of object-glass which respec- 
tively produced them. 

As far as the few observations 
have any weight, the following ap- 
pear to be the discoveries already 
made of this uew method. (1) 
There exists ou tlie solar image an 
area of .sensibly uniform temperature 
and of maximum intensity. (2) This 
area of maximum temperature is of 
variable size. (3) This area of maxi- 
mum temperature has a motion on 
the solar image. (4) Tl)e area of 
maximum temperature is surrounded 
by well-defined isotherm als marking 
successive gradations of tempera- 
ture. (5) The general motions of 
translation and of rotation of these iso - 
thermals appear to follow the motions 
of the area of maximum temperature 
which they inclose ; but both cen- 
tral area and isothermals have inde- 
pendent motions of their own. 

On projecting the enlarged image 
of a sun-spot on the blackened s\ir- 
facc, and then bringing a hot-water 
box, coated with lamp-black, near 
the other side of the paper, one may 
develop the image of the spot in 
red on a dark ground. A similar me- 
thod probably may servo to develop 
the athermic lines in the ultra-red 
region of the solar and other spectra. 
— ISilliman'^s American Journal. ^ 
Intensity of Solar Radiation, 
— M. Soret. — If we look at an ordi- 
nary flame, such as that from a gas- 
burner, through plates of glass 
coloured blue with cobalt, we ob- 
serve that with a certain thickness 
of glass the flame presents a purple 
colour, since the glass tra^mits 
the extreme red rays and the highly 
refrangible blue and violet rays, 
while it intercepts the rays of inter- 
mediate refrangibility. If the source 
of light liavo a high temperature, 
and therefore emits highly refrangi- 
ble rays, the flame appears blue, 
and it requires a number of super- 
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posed plates in order to develop 
the purple tint. Thus M. Soret 
found, in a certain case, that at the 
temperature at which platinum fuses, 
two plates would give a purple 
colour ; at the fusion of iridium 
three plates were required, and on 
observing the suu the purple colour 
waS not developed even with half- 
a-dozen plates. 

Absorption of tbe Sun’s 
Heat-Rays by the Vapour of 
the Atmosphere. —Rev. J. W. 
Stow (Meteorological Soc.). — Tlic 
author finds that the drier the air 
the gi*eater is the amount of radia- 
tion, and therefore northerly winds 
show a greater effect than soutljorly ; 
but, e.g.^ at Wliitby northciiy winds, 
being sea winds, arc not dry, so that 
the maximum radiation is exhibited 
by N.W. winds. Similarly, N.E. 
winds favour radiation in spring, 
owing to their low temj>craturc and 
dryness, but not so in summer and 
autumn, when tliey are warm winds. 
The author next iustituted a set of 
observatious in order to gain an in- 
sight into the seasonal cliangc of 
radiation, by finding the corrections 
for tlie figures for each mouth for 
the varying altitude of the sun. 
He found tlic amount of radiation 
corresponding to different altitudes 
of the sun on a cloudless day, when 
vapour was nearly constant, and 
cemimred the figures thus obtained 
with those found in cloudless wea- 
tlier at all seasons, and with varia- 
ble amounts of vapour tension. The 
final result is that in this climate, 
in clear weather, the amount of 
solar radiation, which would be 
intercepted by the atmosphere if tlie 
suu were vertical rarely exceeds IT 
out of a possible maximum of fiir, 
or about Iff per cent . ; 10 or 12 per 
cent, appears to be apiiroximately 
th^ winter minimum, and 20 per 
cent, the summer maximum of ab- 
sorption, for a vertical suu, when 
the sky is clear. 

Condensation of Vapour by 


Expansion.-— M. Maacart (French 
Association), Nantes, 1875. — If a 
little water is placed in the bottom 
of a perfectly clean flask, closed by 
a glass tube terminated by an india- 
rubber syphon bag, wo have a closed 
space, which soon becomes saturated 
with moisture. By pressing on the 
bag the temperature rises, and there 
cku be no condensation. But by 
allowing the bag to resume, by its 
elasticity, its original form, the air 
expands, is coiiseipicntly cooled, but 
yet no condensation takes place. To 
produce tlie condensation ordinarily 
observed, it is necessary to introduce 
into the Hask some i in filtered air, 
for liltered air produces no effect. 

I n the same way very beautif ul clouds 
are obtained })y introducing a little 
tt)bacco smoke, or gases resulting 
from any kind of combustion. These 
: experiments may be of some use in 
explaining the formation of clouds. 

Method of obtaining a Con- 
stant Temperature. - Professor 
(hoke {(JJie.ni, to obtain a 

constant temperature of 100° ( !. em- 
ploys an electric regulator of very 
simple construction. The current is 
made or broken by a very slight rise 
or fall of mercury in a IJ-tiibe con- 
nected with a glass bulb within the 
air-bath. By means of a pressure- 
tap, which closes an open L of the 
connecting tube, the air within the 
bulb may be confined as soon as the 
bath reaches the required tempera- 
ture. After this a very slight in- 
crease of temperature raises the 
mercury column sufficiently to close 
the electric circuit, and then the 
current shuts the cock which regu- 
lates the supply of gas to the burner 
under the bath. This stop-cock con- 
sists of an ordinary chloride of cal- 
cium tube placed horizontally, and 
closed at the larger end by a rubber 
sto]>per, which ^lows a considorabU 
freedom of motion to a smaller glast 
tube passing through it ; by this th^ 
illuminating gas enters the chlorid 
of calcium tube, from which it passe 
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to tlio burner. When the current is 
closed, an electro-mamet acting on 
an armEBture attached to the outer 
end of the small tube plunges the 
curved inner end beneath the sur- 
face of some mcrcuiy in the bulb of 
the chloride of calcium tube, and 
thus shuts off the main supijly of 
gas ; aithough a small oritice iu the 
side at the inner tube allows a suffi- 
cient how to keep tlio dame under 
the air-bath alive. The variation of 
the temperature of the air-bath docs 
not ordinarily exceed one or two de- 
grees during periods of fifteen to 
twenty hours, even under great vari- 
ations of pressure in gas mains. 

Self-Regi»tering Thermo- 
meter. — H. H. Cripps. — The in- 
strument is divided into two por- 
tions : — First, the tlicrmometer, 
which marks the degrees ; secondly, 
the clo&kwork, whicli indicates the 
hours and minutes. 'LTio thermo- 
meter consists of a glass bulb, rather 
more than an inch in diameter, end- 
ing in a glass tube 1 2 iuclies long, 
having a bore of inch. This tube 
is coiled round the bulb iu such a 
manner as to form a complete circle 
4 inches iu diameter, the bulb being 
in the centre of tJiis circle. Fixeal 
to opposite poles of the bulb, exactly 
at right angles to the encircling 
tube, are two needle-pointed jhvots. 
These pivots work in minute metal 
depressions fixed to the sides of two 
parallel uprights. The bulb with 
its glass tube will thus rotate freely 
between the uprights, and the pivots 
are the centre of a circle, the cir- 
cumference of which is formed by 
the glass tube. The bulb is filled 
with spirit in such quantity that at 
60^^ Falir. it fills not only the bulb, 
but about 4 inches of the tube. 
Mercury is then passed into the 
tube till it comes into contact with 
the spirit, so as to fill up about 
3 inches of the remaining portion of 
the tube. The spirit is now heated 
to 120“ Fall!’., and as it expands 
forces tljip column of mercury in 


front of it till the mercury comes 
within i inch of the end of the tube. 
The tube is then hermetically sealed, 
enclosing a small quantity of air. 
If the thermometer be now arranged 
with its needle-points between the 
uprights, it will be observed that, 
as the spirit contracts on cooling, it 
draws the column of mercury with 
it. This immediately alters the 
centre of gravity, and the bulb and 
tube begin to revolve in a direction 
opi)osite to that of the receding 
mercury. On again apx)lying heat, 
and tl)c mercury i)assiug forwards, 
the bulb regains its original posi- 
tion. lly this simxde arrangement, 
the two forces, heat and gravity, 
acting ill contrary directions, gene- 
rate a beautifully steady rotatory 
niovcmeut. 

A grooved wheel, 2 inches in 
diameter, is fixed to ouc of the 
central i)ivots, therefore revolving 
with the bulb. Directly above, and 
at a distance of 7 iuclies from this 
wheel, is lixed between neodle- 
jioints another wlieel of exactly 
similtV size. Around and between 
these two wheels glasses a minute 
endless chain. To the chain is fixed 
a tiny pencil, wJiich can bo carried 
backwards and forwards between 
the wheels iu a pcrxicndicnlar lino. 
This constitutes the register worked 
by the thermometer. The clock- 
work xiortion of the machine is so 
arranged that it causes a vertical 
cylindci*, round which a ruled paper 
is coiled, to revolve once in twenty- 
four hours. The cylinder is so placed 
that as it revolves the surface of the 
paper is ,hth of an inch away from the 
Iioint of tlio xicucil register moving 
at right angles to its surface, A 
small striker is connected with the 
clockwork in such a manner that 
every five minutes (or oftoner if 
required) it gives the pencil a gentle 
taj), thus striking its point against 
the pajier. By this means all fric- 
tion of the moving pencil against 
the paper is avoided, and the index 
B 2 
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is marked by a series of dots. — 
Moyal Society. 

Velocity of Light .—Professor 
Cornu r(Boyal Institution). — Two 
metbods of determination are in use. 
Kcemer, a Danish astronomer, after 
having computed from some old 
observations the eclipse times of 
Jupiter’s satellites, found great dis- 
crepancies between the calculated 
and observ’-ed times : the eclipses 
appear too soon when Jupiter ap- 
proaches the earth, and too late 
when it goes away. Konier as- 
cribed these dillercnces to the time 
necessary for the propagation of 
light, and concluded from his ob- 
servations that light recpiires about 
eight minutes to come from the sun 
to the earth. 

Bradley, one of the most illus- 
trious English astronomers, seeking 
to put in evidence certain small an- 
nu^ motions of the stars caused by 
the displacement of the earth in 
space (annual parallax), found such 
a motion, but quite different from 
the expected one. The apparent 
deflection of the direction of a star 
— ^for instance, 7 Draconis, near the 
pole of the ecliptic— instead of be- 
ing at every moment directed, as 
expected, toWhrds the centre of the 
terrestrial orbit (the sun), is directed 
at a right angle. The greatest 
elongation (called aberration) rises 
to 40*7" from six to six months. 
Bradley, after many attempts, as- 
cribed this eff’ect to the composition 
of the velocity of light with the 
velocity of the elliptic motion of the 
earth (1728). 

From those observations, and from 
the approximate knowledge of the 
distance from the sun to the earth, 
the velocity of light was found 
e<]^ual to about 200,000 English 
miles in a second, in other terms, 
one million times the velocity of 
abond. 

Direct determinations of the velo- 
city of light were for a long time 
considered impossible, owing to the 


enormous value of this velocity. 
The first solution was given by 
M. Fizeau (1849) by means of a 
toothed wheel. 

A beam of light passes through 
the interval between two teeth of a 
rotative toothed wheel : this beam 
is reflected on a mirror fixed some 
miles distant, comes back exactly 
on the same line, and passes again 
through the same interval as before. 
An observer can perceive this beam ; 
lie will see a luminous poiut, a 
lumbioiis echo, through each hollow 
between two teeth : if the wheel 
revolves with an increasing speed 
the luminous impression will first 
become continuous. Tlie wheel will 
soon revolve with sufficient rapidity 
to turn a small angle during the 
time necessary for the beam of light 
to go and come back again. The 
angular velocity can be so regulated 
that the solid part of a tooth is sub- 
stituted for the hollow part during 
this time ; then, on coming back, 
the beam will be obstructed by the 
wheel. The same obstruction will 
take place at each tooth, and the 
luminous echo will disappear. 

If the velocity of the wheel be 
doubled, the luminous point will 
appear again, because the refiected 
beams will meet with the following 
hollow and pass through. With a 
triple velocity a new extinction will 
take place, as before. 

The following apparatus is neces- 
sary to produce the exact reflection 
of the beam At each station a 
telescope is directed to aim at the 
centre of the object-glass of the op- 
posite station. The beam of light 
is sent through the first telescope : 
the pencil of rays, rendered nearly 
parallel, is received by the second 
and concentrated in its focus, and 
there reflected by a small mirror. 
After reflection, the rays follow ex- 
actly the same path, and come back 
at the very point they start from. 
The observer can receive these re 
turn rays without being blinded 
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the source of light, by interposition 
of a piece of transparent glass, which 
reflects a good part of the return 
rays. 

M. Fizeau’s experiment was made 
between Suresue and Montmartre. 
The distance of the stations was 
about Englisli miles. The num* 
ber found by M. Fizeau agi^eed suffi- 
ciently with the astronomical result 
to give the greatest confldence in 
the exactness of the method, when 
applied under fail* conditions. 

Professor Cornu’s first experi- 
ments were made between the Poly- 
technic School in Paris and Mont 
Valerien. (Distance, about 6h Eng- 
lish miles.) 

His researches were conducted 
with a view to improve the method 
of thef toothed wheel. Tlie chief 
difficulty is to measure the angular 
motion or velocity of the wheel, to 
which the velocity of light is directly 
compared. The sinijilest means 
would have been to give an uniform 
motion to the wheel, but this is 
practically impossible. The princi- 
ple of M. Cornu’s improvement is 
the use of an electrical registering 
apparatus, to register the continuous 
increase of motion of the wheel. 
With this arrangement an exact 
uniform motion is no longer neces- 
spy, the observer being able by 
signal to point out the instant at 
which the right velocity is obtained. 

His second improvement is the 
substitution of a pair of observations 
of the return rays, when reduced to 
a determined feeble intensity, for 
the single observation of a total 
extinction. 

These improvements, experiment- 
ally tried in 1872, gave the velocity 
of light as 298,000 kilometres per 
second. The probable error does 
not rise to 1 per cent. 

- Professor Cornu’s latest deter- 
mination was made between the 
Paris Observatory and the tower of 
Montlhdry. (Distance, about 14i 
English miles.) 


A direct determination of the ve- 
locity of light was ordered at the 
beginning of 1874 by the Council of 
the Paris Observatory. The best 
conditions were chosen for the opti- 
cal and mechanical apparatus, and 
the stations were placed at an in- 
creased distance. One was erected 
upon the higher terrace of the Ob- 
servatory, and siipjdied with a tele- 
scope of 0*38'“ (U foot) aperture, 
and 9*” (30 feet) focal length. The 
telescope and the remainder of the 
apparatus (toothed wheel, register- 
ing cylinder, clocks, &c. ) were shel- 
tered under a large cabin constructed 
on purpose. The opposite station 
was erected on the top of the tower 
of Montlhcry ; it contains only a 
reflection telescope sheltered by a 
cast-iron tube. 

The experiments were made in the 
summer of 1874. The average of 
508 pairs of observations gave the 
velocity as 300,400 kuometres 
(186,6(53 English miles) in a Second 
of mean time, ff’he probable error 
appears not to exceed one- thousandth. 

The importance of the result is 
perhaps greater for those physicists 
who occupy themselves with elec- 
tricity than for those who work on 
optics. The experiments and theo- 
ries of Prof. Maxwell, Sir William 
Thomson, &c. , have shown that the 
velocity of light is a coefficient com- 
mon to the undulatory waves, and 
to the mode of motion which is 
called electricity. Several deter- 
minations, but purely electrical ones, 
have been made in England of that 
coefficient, and the results agree 
with the above-given value. 

The numbers measuring thg pheno- 
mena discovered by Kojmer and Brad- 
ley, combined with the approached 
distance of the sun to the earth, a 
hundred and fifty years ago fur- 
nished an approximate value of the 
velocity of light. Now the exact 
value of the velocity of light permits, 
by the inverted calculus, the com- 
putation of the mean diatanoe of the 
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sun or tlio sun’s parallax, tliat is to 
say, the same element which is di- 
rectly given by the transit of Venus. 
Professor Cornu’s last result, com- 
bined with Helambre’s equation of 
light (deduced from more than a 
thoiisand observations of eclipses of 
Jupiter’s satellites) or of Bradley’s 
aberration value, wdiiclj seems one 
of the best determined number, 
agree exactly with the result ob- 
tained by M. Le Verrier in his re- 
searches on planetary perturbations, 
and with the already known results 
of the last transit of Venus obser- 
vations. 

Increase of Actinism with 
increase of Motive Power in 
the Magneto-Electric Light. — 
Capt. Abney (British Association). — 
Six magneto -electric macljines were 
examined, each of which was driven 
by a ten-horse power erjgine. Seve- 
rn were driven at varying speeds, 
that the difference in the light 
caused Ijy the variation might bo 
tested. 

The method adopted for regis- 
tering the actinic power ofitlie light, 
was by exposing uniformly sensitive 
chloride of silver paper to the action 
of its rays. Two registrations wore 
carried out with each light : first, 
paper was e^^osed to the naked light 
at a fixed distance from the carbon 
points for three minutes ; and second, 
a strip of the same paper was ex- 
posed beneath black wedges of sliglit 
taper for sixteen minutes. Between 
ton and twenty observations were 
taken for each light at the Ixsgin- 
ning, middle, and end of each trial. 
Diagrams of the steam pressure wore 
taken in the usual niauner, and 
diagrams were also taken of the 
steam pressure when driving the 
machine without exciting a current, 
at the same speed as that at which 
the light was produced. They were 
also taken in many cases when the 
machines were what may bo called 
short circuited. The data were thus 
obtained for calculating the power 


necessary to produce a light of a 
certain value. 

Diagrams were drawn showing the 
mean of the results of a series of 
experiments with one instrument; 
one curve, deduced from eighty 
readings, giving what may be called 
the optical value ; another, deduced 
I from 450 readings, giving the actinic 
value ; whilst a third showed the 
ratio of the actinic to the optic value 
— the al)scissa' l)eing in all tliese 
cases mejisiires of the horse power. 
'J'hc curves are interesting as show- 
ing the rapid decrease of the optical 
value, and still more of the actinic 
value, of the light when worked 
with a low motive jiower. They 
also show that each machine has a 
point beyond wliich the increase in 
motive j*ower is not compenjited for 
))y increase in light, the curves ap- 
parently becoming asymptotic. 

Mirag’e at Sea.— Dr. Jansen, 
(British Association), stated that he 
hiul paid great attention to this phe- 
nomena in all his journeys since 1808, 
and had oliservod some very curious 
facts relating to it, chiefly at sun- 
rise find sunset. He fouAd that 
( 1) the mirage was almost constant 
at the surface of the sea ; (2) that 
the apxiearances were cxfilained by 
aebnitting the existence of a jilane 
of total reflection at a certain height 
above tlie sea ; (.I) that the pheno- 
mena are due to a thermic and hy- 
grometric action of the sea on the 
neighbouring atmospheric strata ; 

(4) that there exist at sea direct, 
inverse, lateral, and other mirages ; 

(5) that the phenomena have a very 
general influence on the apparent 
height of the sea horizon, which is 
sometimes diminished, sometimes 
increased. This variation of the 
aiq>arent horizon it is very imjior- 
tant to take into account, if wo 
remember the use made of the 
horizon in nautical astronomy. 

Defects of the Human Eye 

as regards Achromatism 

Professor H. M‘Leod (Physical 
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Society). — Tlie eye has been con- I 
sidered to be achromatic because it 
practically is so; but it is easyfto 
offer abundant evidence of the de- 
fects of the organ in this respect. 
For instance, to short-sighted per- 
sons the moon appears to liave a 
blue fringe. In using the spectro- 
scope, the red and blue ends of the 
spectrum cannot be seen with e(pial 
distinctness without adjusting the 
focussiug glass. A black patch of 
paper ou a blue ground appears to 
have a fringed edge if viewed from 
even a short distance, while a black 
patch on a red ground, when ob- 
served under similar conditions, has 
a perfectly distinct! margin. In the 
author’s opinion it is tlie overlap- 
ping of images in the t^ye which 
produce the mental im])res8iou that 
tJiere is no want of achromatism. 
It is interesting (to note that Wol- 
laston considered that the coloured 
bands of the spectrum were really 
divided by the black (Fraunhofer) 
lines, and his statement that the 
red end of the spectrum does not 
appear to have a boundary line, 

* ‘ because the eye is not competent 
to converge tlie red rays properly,” 
shows that he had very nearly, if 
not quite, discovered the achro- 
matic defects of the eye. Dr. Young 
ascribes to Wollaston the merit of 
having observed that when a lumi- 
nous point is viewed through a 
prism, the blue end appears to be 
wider than the red, the eye being 
incapable of recognising that the 
spectrum has the same width 
throughout its entire length. The 
relative distinctness of a dark line 
on grounds of various colours, can 
be shown by the hdlowing experi- 
ment. A string or wire is arranged 
that its shadow traverses the entire 
length of a spectrum tlirown on a 
screen by an electric lamp. When 
viewed from a short distance the 
edges of the shadow appear to be 
sharp at the red end, but gradually 
became less distinct, untd at the 


blue end nothing but a blurred line 
remains. 

The Centre of Motion of the 
Eye. — Professor Clerk Maxwell 
(Philosophical Society, Cambridge). 
— The series of positions which the 
eye assumes as it is roiled horizon- 
tally have been investigated by 
Donders, and recently by J. L. 
Tupiier. The chief difficulty in the 
investigation consists in ffxing the 
head wliile the eyeball moves. The 
only satisfactory method of obtain- 
ing a system of co-ordinates ffxed 
with reference to the skull is that 
adopted by Helmholtz. A piece of 
wood, part of the upper surface of 
which is covered with warm sealing- 
w^ax, is placed between the teeth 
and bitten hard till the sealing-wax 
sets and forms a cast of the upper 
teeth. By inserting the teeth into 
tlieir propel* holes in the sealing- 
wax, the piece of wood may at any 
time be placed in a determinate 
position relatively to the skull. By 
this device the exjierimeiiter is free 
to move his head as he likes, pro- 
vided he keeps the piece of wood 
between his teeth. If we now ad- 
just another piece of wood, so that 
it shall always have a determinate 
position with respect to the eyeball, 
we may study the motion of tJio one 
piece of wood with respect to the 
other as the eye moves about. For 
this purpose a small mirror is fixed 
to a board, and a dot is marked on, 
the mirror. If the eye, looking 
straight at the image of its own 
pupil in the mirror, sees the dot in 
the centre of the pupil, the normal 
to the mirror through the dot is the 
visual axis of the eye a determi- 
nate line. A right-angled prism is 
ffxed to the board near the eye in 
such a position that the eye sees 
the image of its own cornea in pro- 
lile by reffection, first at the prism, 
and thou at the mirror. A vertical 
line is drawn with black sealing- 
wax on the surface of the prism 
next the eye, and the board is 
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moved towards or from the eye till 
this line appears as a tangent to the 
front of the cornea, while the dot still 
is seen to cover the centre of the 
image of the pupil. The only way 
in which the position of the board 
can now vary with respect to the 
eye, is by turning round tlie line of 
vision as an axis, and this is pre- 
vented by the board being laid 
on a horizontal platform carried 
by the teeth. If now the eye 
is brought into two different posi- 
tions, and the ])oard moved on the 
platform, so as to be always in the 
same position relative to the eye, 
we have to find the centre about 
W'hich the board might have turned 
BO as to get from one position to the 
other. For this purpose two holes 
are made in the platform, and a 
needle thrust through the holes is 
made to prick a card fastened to 
the upper board. We thus obtain 
two pairs of points, A B for the 
first position, and a h for the 
second. The ordinary rule for de- 
termining the centre of motion is to | 
draw lines bisecting A a and B h 
at right angles. The intersection 
of these is the centre of motion. 
This construction fails when the 
centre of motion is in or near the 
line A J5, for then the two lines 
coincide. In this case w’e may pro- 
duce A and a /> till they meet, 
and draw a line bisecting the angle 
externally. This line will pass 
through the centre of motion as 
well as the other two, and when 
they coincide it intersects them at 
right angles. 

Contest between the Re- 
tinae.— Schon and Mosso. — If one 
eye be closed, while the other is 
directed, wdthout fixation, towards 
a surface of uniform tint (such as 
the open eky or a blank wall), a 
temporary dimness seems to invade | 
a part of the visual field of the un- 
covered eye. This obsfcuration is 
intermittent, taking place frpm five 
to twelve times in a minute ; the 


number being tolerably constant for 
the individual observer. The dura- 
tion of the dimness varies inversely 
as its frequency. It may be of a 
greenish-yellow or bluish tint, or it 
may not exhibit any definite colour. 
The phenomenon is explained by 
supposing that our attention is di- 
rected to each retina in turn, that 
there is a contest between them ; 
about seven-tenths of our time 
being given to the retina of the 
uncovered eye, while three-tenths 
are diverted to that of the closed 
one. This explanation is supported 
by the following facts. The phe- 
nomenon only occurs during mon- 
ocular vision, and is unknown to 
the one-eyed. It is limited to that 
part of the visual field which is 
common to both eyes. When the 
attention is concentrated on the 
uncovered eye by setting it some 
task, such as that of counting spots 
on the wall, the dimness does not 
occur. Lastly, when the eyes are 
unequal in power, and one eye is 
habitually used while the images 
formed on the retina of the other 
are as habitually suppressed (as in 
some cases of squint), the pheno- 
menon cannot be produced. Whe- 
ther the obscuration depend on a 
momentary blending of the two 
fields, or on a total diversion of the 
attention to the closed oye, it is not 
easy to decide. The circumstance 
that the outer region of the field 
remains distinct would seem to in- 
dicate that the former view is the 
correct one, since impressions on 
the independent region of the un- 
covered retina continue to be trans- 
mitted to the sensorium. — Academy, 
Revolving- Polariscope.—By 
W. Spottiswoode, LL.D. (Physical 
Society). A luminous beam passes 
from a small circular hole iu a dia- 
phragm through a polariscope, the 
analyser of which is a double image 
prism, the size of the hole being so 
arranged that the two luminous 
discs shall be clear of each other. If 
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the prism be made to revolve ra- 
pidly (eight or ten revolutions per 
second), one of the discs revolves 
round the other and is merged 
into a ring of light, which is in- 
terrupted at opposite sides by a 
dark shaded band, the position of 
which depends upon the position of 
the original plane of polarisation. 
The discs may be coloured by in- 
serting a selenite plate, and the rapid 
revolution of the analyser then gives 
alternating segments of complemen- 
tary colours ; or, if a quartz plate 
be used, the rotating disc passes 
successively twice in a revolution 
through aU the colours of the spec- 
trum, and when the revolution is 
rapid, merges into a prismatic ring. 

Optical Properties of Titano- 
Silicic Glass. — Prof. G. C. Stokes 
and J)r. J. Hopkinson (British Asso- 
ciation). — One object of the re- 
searches, of which this is the last, 
was to obtain two glasses which 
should achromatize each other with- 
out leaving a secondary spectrum, 
or a glass which should form with 
two others a triple combination ; an 
objective composed of which should 
be free from defects of irrationality 
without requiring undue curvature 
in the individual lenses. The best 
solution of this problem was offered 
by glasses in which a portion of the 
phosphoric was replaced by titanic 
acid. It was found, in fact, that 
the substitution of titanic for phos- 
phoric acid, while raising, it is true, 
the dispersive power, at the same 
time produced a separation of the 
colours at the blue, as compared 
with those at the red end of the 
spectrum, which ordinarily belongs 
only to glasses of a much higher 
dispersive power. . 

Several considerations seemed to 
make it probable that the substi- 
tution of titanic acid for a portion of 
the silica, in an ordinary cpwn glass, 
would have an effect similar to that 
which had been observed in the 
phosphatic series of glasses. Phos- 


phatic glasses are too soft for con- 
venient employment in optical in- 
struments, but should titano-silicic 
glasses prove to be to silicic what 
titan o-phosphatic glasses have been 
found to be to phosphatic, it would 
be possible, without encountering 
any extravagant curvatures, to con- 
struct perfectly accurate combina- 
tiouB out of glasses having the 
hardness and permanence of silicic 
glasses ; in fact, the chief obstacle at 
present existing to the perfection of 
the achromatic telescope would be 
removed. After some preliminary 
trials, a piece of glass free from 
strite was prepared of titan ate of 
potash mixed with the ordinary in- 
gredients of a crown glass. Rutile 
fused with carbonate of potash was 
used as titanato of potash. The 
glass contained about seven per cent, 
of rutile, and as none was lost, the 
percentage of titanic acid cannot 
have been much less. The glass 
was somewhat greenish from iron 
contained in the rutile ; but this did 
not affect the observations. 

Out of this glass two prisms were 
cut. One of these was examined as 
to irrationality by Prof. Stokes, by 
his method of compensating prisms ; 
the other by Mr. Hopkinson, by 
accurate measures of the refractive 
indices for several definite points in 
the spectrum. These two perfectly 
distinct methods led to tne same 
result, viz. , that this glass spaces out 
the more, as compared with the less 
refrangible part of the spectrun^j no 
more tlian an ordinary glass of simi- 
lar dispersive power. As in the 
phosphatic series, the titanium as- 
serts its presence by a considerablp 
increase of dispersive power ; but, 
unlike what was observed in that 
series, it produces no sensible effect 
on the irrationality. The hopts 
therefore that had been entertained 
of its utility in silicic glasses pre- 
pared for optical purposes appear 
doomed to disa;^ointment. 
Hardened Glass. Its Opti- 
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cal Properties. — H. Pocklington. 
— A sm^ cube of De la Bastie’s 
hardened glass is mounted between 
strips of blackened cork, and exa- 
mined in the xisual way by means of 
NicoPs prisms, glass plates, or other 
appropriate polariscope. TJie beau- 
tiful chromatic phenomena brought 
out, at once indicate that amongst the 
causes which operate to produce the 
hardness of the glass, pow^erful com- 
pression of the interior by the con- 
tracting exterior must be one. The 
phenomena are, in fact, essentially 
those of compressed glass, and the 
curves of colour, or black and 
yellow, seen when the glass is exa- 
mined by white or monochromatic 
light, indicate successive curves of 
tension, balance and no-tension. 
In a carefully prepared glass rod of 
half -inch length these curves are 
rings traversed by a well-marked 
black cross. In an oval the rings 
assume the character of those seen 
in biaxial crystals. Wlicn jdates 
are examined, the light being trans- 
mitted from back to front, they 
appear to act essentially as bi-re- 
fracting plates, but w ith crosses and 
bands somewliat irregularly distri- 
buted, and capable of being referred 
to the angles of the plates or to 
centres of unequal heating. 

I find til is glass to be nearly twice 
as hard as ordinary glass, which it 
scratches with ease. It can be cut 
with a good file and can be ground 
on a stone with sand. One xiiece, 
which manifested when under the 
polariscope evidences of ill-balanced 
tension, the neutral line lying near 
one surface, submitted to transverse 
grooving, but disintegrated on being 
ground on one surface as soon as the 
outer surface had been ground away 
to near the neutral Bne. There 
appears to be an easily reached limit 
beyond which the surfaces must not 
be unequally removed, but tliere is 
practically no limit beyond which 
both surfaces may uot be simul- 
taneouslv removed. This result, 


foretold by mo from polariscopical 
analysis, Mr. Fairley has shown by 
dissolving the opposing surfaces 
away by hydrofluoric acid. The 
least hard portions dissolved much 
more readily than the thoroughly 
hardened, and the etched surfaces 
sliow w^avy lines closely following 
the tension lines showui by the 
polariscoj^e. There is further this 
remarkable feature, that the inner 
portion of tlie glass proves to be 
essentitilly common glass, which 
fractures in the ordinary way. 

Optical Properties of Collo- 
dion Plates. ~M. E. Gripon. — 
The film formed l>y pouring collo- 
dion on clean glass and allowing it 
to dry, rcllects light like glass, and 
polarises it both ])y rejection and 
transmission. Its index of refrac- 
tion is I *5108, a little less than 
that of crowm glass. It transmits a 
very large proportion of radiant 
heat, hut less for low temperature 
than for high. — Compte.s Jiendus. 

Electrical Resistance of Se- 
lenium.— J. E. H. Gordon.— The 
writer has tried the following inter- 
esting experiment with a selenium bar 
belonging to the Cavendish Labora- 
tory. Its length is 50 mm., breadth 
8 mm., thickness about 1 mm. ; 
l>latinum wires are soldered to its 
ends, and it has a hard metallic sur- 
face. Its electrical resistance is enor- 
mous. In the dark it is just over 
100 megohms. (100,0(K),000 B. A. G.) 
When, however, the light of the 
paraffin lamp of the galvanometer 
was allowed to fall on it from the 
distance of about a foot, the resist- 
ance docreasctl betw^een 20 and 30 
per cent. Tlie experiment was re- 
peated many times, with current 
sent sometimes one way, sometimes 
auuther, and with ditlerent sides 
and edges of the bar turned to the 
light, but always with the same 
result, namely, that tlie effect of 
letting in the light was to decrease 
I the resistance. 

I A second set of experiments were 
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made with a selenium medal struck 
by Berzelius soon after the discovery 
of the metal in 1818. This medal 
was of oval shape, about 40 millims. 
lon^ by 30 broad. Owing to the 
difterence of form between the two 
specimens, their specific resistances 
could not be accurately compared ; 
that of the medal was, however, not 
more tliau about of that of the 
bar. The medal was exactly like 
black loatl both to touch and sight, 
and ({iiite different in appearance to 
the bar. The reaistatice of the 
medal was sensibly the same, both 
in the dark and in the ligfit ; no 
difference coxild be detected. j 

These experiments seem to show | 
that the physical form of the metal I 
has a great deal to do with its 
behaviour when carrying an electric 
current and exposed to light, — i 
Nature, 

Properties of Selenium. — K. 
d. Moss ol)serves witli reference to 
the above note that he, in company 
witl) Mr. H. ll^apcr, has already 
shown tJiat tlie electrical properties 
of selenium arc very varialde. I’here 
is a granular variety of the clement 
which j is, at ordinary tempera- 
tures, apijarcntly as good a non- 
conductor as the vitreous variety. 
Unlike the latter, however, it cannot 
be rendered electrical by friction. 
Another granular modification of the 
element was found to eondiiet elec- 
tricity comparatively well in dark- 
ness, and scarcely any better under 
the influence of light ; while there 
is aTi intermediate state of the ele- 
ment which appears to possess a 
moleoular structure so susceptible of 
change, that light is capable of cou- 
veiisiug it temporarily into the form 
which conducts etmipaiativcly well. 
Some bars wliieh wo prepared of this 
sensitive variety exhibited an in- 
creased conductivity of 100 percent, 
under the influence of sun-light. In 
appearance there is not the slightest 
difference between this and the non- 
conducting granular variety, both 


exhibiting a gray granular fracture 
resembling that of the metal' cobalt. 
Thin plates are generally more sensi- 
tive {to light than cylindrical bars. 
So far as tlie effect of heat on elec- 
trical resistance is concerned, some 
forms of granular selenium conform 
to the metallic type. This was 
demonstrated by placing a plate of 
selenium inside a sjural of platinum, 
at a distance of about 4 mm. from 
tlie wire. Tlie usual decrease of re- 
sistance took j)lacc when the plate 
was exposed to light ; but on heat- 
ing the surrounding platinum wire 
by passing a current of electricity 
through it, the resistance of the 
selenium increased considerably. 
The effect of light is therefore par- 
tially counterbalanced by the effect 
of the heat which usually accom- 
jianies it. This partly explains the 
increase of resistance that is known 
to follow prolonged exposure to 
light. A portion of this increase 
being doulitless due to the slight 
elevation of temperature that must 
result from the passage of the cur- 
rent tliroiigh the selenium. The 
opposite action of light and heat is 
very remarkable, especially as the 
longest light undulations are those 
that cause the greatest decrease of 
resistance. It is remarkable, also, 
that a thin film of non-conducting 
vitreous selenium transmits these 
red rays, while an equally thin film 
of granular selenium is perfectly 
opaque to them. — Nature. 

Absorption - Spectra of 
Metals volatilised by tbe 0^- 
bydrogen Flame. — J. Norman 
Ijockyer and W. Chandler Roberts 
(Royal Society). • 
i The research es of Roscoe and 
Schuster and Morman Ijockyer es- 
tablish beyond all tiuestion the facts 
that — 

1. In addition to the well-knijiwn 
line spectra, clianuelled-spaced spec- 
tra are produced by the vapours of 
certain metals ; a4d, 

2. Such spectra are produced by 



44 


THE YEAR-BOOK OF FACTS. 


vapours which are competent to 
give, at other times, not only line- 
spectra, but continuous spectra in 
the blue, or blue and red. The 
number of metals examined was 
very limited. 

It was considered by the authors 
desirable to extend these observations 
to the less fusible metals, as well as 
to ascertain whether the spectra of 
those which volatilised at the lower 
temperature would be modified by 
the application of a greater degree 
of heat. For this purpose they em- 
ployed an oxyhydrogen blowpii)e, 
and the lime still used by Stas for 
the distillation of silver, his ar- 
rangement being modified in order 
that the metallic vapour might be 
conducted into a lime tube or tunnel 
heated to whiteness, so placed that 
a beam from an electric lamp could 
readily transverse it. 

The apparatus employed consists 
of a block of lime traversed by a 
tube 30 centims. long and 30 millims. 
diameter. At oach end a short iron 
tube was inserted, making the total 
length of the column of vapour 60 
centims. A receptacle, open at the 
upper surface of the lime-block, in 
order to admit of the introduction 
of the oxyhydrogen blowpipe, com- 
municates with the c;entre of the 
tube. The ends of the tube or 
tunnel in the lime were closed by 
glass plates held on by a suitable 
clip. Small lateral orifices were cut 
in the lime for the insertion of 
tobacco-pipe stems, through which 
a stream of hydrogen could be passed 
into the tube and receptacle. 

An electric lamp was placed op- 
posite one end 6f the tube and a 
spectroscope opposite the oth er . Th is 
l^t instrument was capable of dis- 
tinctly separating the D lines, at 
the same time that it enabled the 
whole of the spectrum to be seen in 
a single field of view. 

The lime-block with its fittings 
was then placed in a charcoal fur- 
nace, and as soon as it was heated 


to bnght redness, the metal, the 
vapour of which was to be examined, 
was introduced into the receptacle, 
and the flame of the oxyhydrogen 
blowpipe was allowed to play on its 
upper surface, care being taken to 
employ an excess of hydrogen. In 
almost every case the metal experi- 
mented on was rapidly volatilised 
(the exceptions being gold and palla- 
dium). Silver may be given as an 
example of the method. 

Fifty grammes of pure metal were 
placed in the cavity, and this amount 
produced a continuous supply of va- 
pour for about ten minutes. 

An exquisite channelled space ab- 
sorption was observed, the channels 
being far enough apart to render 
them very conspicuous in the held 
of view ; at the same time there was 
continuous absorption in the blue. 
It w as specially observable that there 
w^as no absorj)tion in the red. 

Copper, sodium, calcium, alu- 
minium, zinc, cadmium, manganese, 
iron, cobalt, nickel, chromium, tin, 
antimony, bismuth, lead, thallium, 
gold, palladium, selenium, and iodine 
were examined in like manner. 

The authors conclude that these 
experiments go far to support the 
conclusions which were drawn from 
the experiments at a lower tempera- 
ture. First, in passing from the 
liquid to the most perfect gaseous 
state, vapours are composed of mole- 
cules of different orders of com- 
plexity ; and second, this complexity 
is diminished by the dissociating 
action of heat, each molecular sim- 
plification being marked by a dis- 
tinctive spectrum. There is also an 
intimate connection between the 
facility with which the final stage 
is reached, the group to which the 
‘element belongs, and the place 
which it occupies in the solar atmos- 
phere. 

Broken Lines of Hetallic Spec- 
tra.-— Professor G. F. Barker (Ameri- 
can Association). — The author’s pur- 
pose in this paper is to give the 
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general result of a series of measure- 
ments made to ascertain, by Vie- 
rordt’s method, therelative intensity 
of these lines, and to compare these 
with their length measured micro- 
metrically. Vierordt’s method con- 
sists in measuring the intensity of a 
coloured light by the amount of 
white light necessary to extinguish 
it. By means of a third telescope 
attached to the spectroscope, a bright 
slit of light may be thrown upon any 
portion of the spectrum, and by 
varying the distance of the source 
of this light, until it extinguished 
the various spectrum lines in the 
order of their brightness, a series 
of numbers was obtained which, by 
the law of the inverse stjuares, gave 
the relative intensity of the ditlerent 
spectrum lines. The metals experi- 
mented upon were copper, gold, 
silver, antimony, bismuth, and mag- 
nesium. The general result is, that 
in nd case does the length of the 
spectrum line follow the law of 
brightness. Hence some other hy- 
pothesis must be suggested to ac- 
count for the phenomena. The 
constitution of a gas is simple ; the 
molecules composing it move in 
straight lines, and encounter each 
other and the walls of the containing 
vessel in so complex a way that Prof. 
Maxwell doubts if mathematics can 
foUow their paths. The oscillations 
of the atoms within the molecule 
are, however, less complex ; they 
either are simple harmonic motions 
themselves, or they may be resolved 
into such. It is these harmonic vi- 
brations which, communicated to 
the ether, cause the spectrum lines ; 
the number of the diflerent forms 
of oscillation constituting the num- 
ber of lines in the spectrum, the 
period of any one oscillation deter- 
mining the wave length of tlie cor- 
responding line, and the amplitude 
fixing the brilliancy of that line. 
These things being granted, we have 
only to suppose what is perfectly 
conceivable, that the amplitude of 


the vibration varies with the tem- 
perature differently for each of the 
different kinds of vibration in the 
molecule, or, what is the same thing, 
with the wave length. If, for ex- 
ample, the peculiar harmonic vibra- 
tion of the atoms of a copper mole- 
cule which gave the longest lino in 
the green, diminished the amplitude 
of its oscillation less ra]>idly than the 
one in thelbliie, then this is a sufii- 
cient reason why it should be the 
longest. Wo may, therefore, by 
inspection of a broken spectrum, 
conclude at once on the rapidity 
with wliich the amplitude of the 
different harmonic vibrations of the 
atoms within the molecule decreases 
with decreasing temperatures, this 
being simply in the order in which 
the lines are arranged as to their 
length. 

Distribution of Bands in 
Primary Spectra. — G. Salet. — 
The question of the existence of 
double spectra seems at present 
answered in the affirmative. A few 
years ago the Swedish physicist, 
Angstrimi, in his celebrated memoir 
on the solar spectrum, pronounced 
the opinion of Plucker, according to 
wliich an elementary body might 
give different spectra at different 
temperatures, decidedly incorrect. 
Yet in his last work he declares 
himself unwilling to deny that a 
simple body, when brought to the 
gaseous state by heat, may not, in 
some cases, give different spectra. 
An element may form with another 
element a chemical compound giving 
a particular spectrum, and in like 
manner the same element may form 
compounds with itself — isomeric 
compounds which, if not destroyed 
by heat, may give each its peculiar 
spectrum. This is the opinion whj^h 
the author has maintained, support- 
ing it by various experiments made, 
not only with Geissler’s tubes, but 
also taking advantage of the ab- 
sorbent properties of certain vapours, 
such as sulphur, bromine, and iodine. 
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The spectra with bands, or primary 
spectra of the simple bodies, seem 
absolutely similar to the known 
absorption-spectra ; those, for exam- 
ple, of iodine and bromine, which no 
one has thought of ascribing to com- 
pounds. The author has to point 
out a new point of rcscmldance 
between those two sorts of spectra. 
It is known that TJialen, in a work 
on the absorption-sijectrum of the 
vapour of iodine, has concluded that 
the various bands of this fluted 
spectrum are not equidistant ; they 
form several intermingled series, 
and in each of these the respective 
distance of the consecutive bands 
varies with tlie length of the wave, 
following a law which differs little 
for adjacent series. Tlie study of 
the primary spectrum of sulphur has 
led the author to similar conclusions. 
— Cimaical Nav^a. 

Spectra of Coggia’s Comet 
and TempePs Comet, 1874. 
Father 8ecchi (Ttal. Sjject. Soc.) — 
The author spectroscopically exa- 
mined these comets on every oppor- 
tunity, comparing their spectra with 
a GeiSslcr’s tube in front of the 
object-glass. He found the si>ectra 
of a hydrocarbon gas did not corre- 
spondtwith that of the comet ; the 
brightest band of the spectrum of 
marsh gas is in tlie blue, while tliat 
of the gas carbonic oxide or carbonic 
acid is in the green, just as in 
Coggia’s comet. On the other hand, 
the blue band is the brightest in the 
spectrum of Tempel’s comet ; and 
Secchi therefore attributes its light 
to a hydrocarbon, F rom the n ucleus 
and the surrounding portions of the 
comet polarised light proceeded. 

Spectrum of Ruby Glass.— 
W. G. Lettsom has called our atten- 
tion to the remarkable spectrum 
afforded by glass ruby-tinted with 
gold. Ip a slide prepared by him, 
kindly forwarded to us, we find the 
luminous part of the green and blue 
darkly clouded by a very thin slice 
of the glass, while the red and violet 


portions of the spectrum remain 
clear. At night, with the micro- 
spectroscopo and a paraffin lamp, 
the cloudy band has a peculiar red 
tint, well seen if the lamp is screened 
so that little light can reach the eye 
except what passes through the 
spectroscope. — A cademy. 

Spectrum of the Aurora 
Borealis. — M. Selim Mcnstrdm 
(Les Mondcs). — The pale lights seen 
over the summits of the mountains 
of Spitzbergen and Lapland are of 
the same nature as the aurora. 
Similar phenomena observed in other 
regions prove that electric dischargee 
of the same nature as the aurora 
may occur elsewhere besides in the 
arctic regions. The spectroscope is 
the surest means of determining the 
nature of these pljenoTuc'n.’r. In tlfe 
spectrum of the aurora there are 
nine rays, which probably agu ee with 
the lines given ])y the coinpoiieut 
gases of the atmospJiere. The spec- 
trum of tlic aurora may be resolved 
into three different types. 

Spectrum of the Aurora.— 

J. Ik ( PhiloHoyducal Maya- 

ci/?c^.-'-Tlie author disagrees with 
the conclusion of Angstrom, that tlie 
“moisture in the region of the 
aurora must be regarded as nil.” 
He moreover states that the “ycllow- 
grccii line, anil possi])ly also the red, 
are due to pbosplioresconce or fluor- 
escence ; the fainter lines arc partly 
duo to the air spectrum, and the 
remaining bands or lines may be due 
to phosphorus and iron, the close 
coincidences in tliis latter spectrum 
witli the aurora lines being very 
striking.” 

Photographs of Solar Spec- 
tra. - H. W. Vogel ( Pixjijemlorff 
Amiiikn ). — In an ordinary photo- 
graphic camera the author replaces 
the lens by a small spectroscope. 
TJic sun’s rays are allowed to enter 
the camera parallel to the axis of 
the spectroscope. Photogrimhs are 
taken in the usual way. The de- 
finition is not very distinct. 
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Currents of the Holtz Ma- 
chine. M. Rosetti {Ammlm de 

Chhti .) — The strengtli of a current 
produced by a Holtz machine is 
very nearly proportional to the 
velocity of rotation of the disc, pro- 
vided the hygrometric state of the 
atmosphere remains constant. 

The ratio of the velocity of rota- 
tion to the strengtli of the current 
increases with the humidity. 

The effective work ^spent in each 
second is exactly proportional to the 
strength of the current ; the ratio ' 
of the work spent to tlie strength of 
the current diminishes as the humi- 
dity increases. If the motion of the 
disc be maintained by a rotation 
apparatus, and if the weight whicli 
is necessary to turn the disc with 
a certain velocity when the machine 
is charged be called the total moving 
weight, the weight necessary to turn 
the disc wlien inactive the partial 
moving W(;ight, and the diff'erenco 
between the total weight and the 
partial weight the eircetive moving 
weight, it is observed that the effec- 
tive moving weight remains con- 
stant, whatever be the magnitude of 
the total weight, i.e., whatever be 
the intensity of tJic current. The 
effective moving weight is greater as 
the air is more dry. 

The behaviour of Holtz’s machine 
is in some respects analogous to that 
of voltaic couiffes. Its electromo- 
tive force and internal resistance are 
both constant if the velocity of ro- 
tation and hygrometric state remain 
constant. The electromotive force 
remains invariable for any velocity 
of rotation if the hygrometric state 
does not alter, but diminishes if the 
hygrometric state increases. The 
internal resistance is independent of 
the hygrometric state for a given 
velocity of rotation, but dimiuishea 
if the velocity increases. 

In the Holtz machine the electro- 
motive forces are enormously great 
in comparison with those of the most 
energetic voltaic combinations. For 


instance, when the hygrometric state 
is 0*35, the electromotive force of 
the Holtz was found to be more 
than *50,000 times as groat as that 
of a Daniell’s cell. Similarly, the 
internal resistances are very great ; 
e.g.y when the disc makes ei^ht 
turns per second, the internal resist- 
ance was found to bo equal to 570 
million Siemens’ units. 

Ohm’s law is obeyed by the cur- 
rents of these macliines ; conse- 
quently, if in the external circuit 
resistances are introduced which are 
not negligible [in comparison ^with 
the enormous resistance of the 
electro-motor, a diminution of the 
current will be observed conform- 
ably to tlie law of Ohm. — Academy, 

Stratification in Electrical 
Discharges through Rarefied 
Gases. — William Spottiswoode, 
LL.D., Trcaa. U, S. (Royal So- 
ciety). — In the stratified-discharges 
til rough rarelied gases produced 
liy an induction-coil working with 
an ordinary contact-breaker, the 
striuj are often unsteady in posi- 
tion, and apparently irregular iu 
their distribution. Observations 
made by tlie author with a revolving 
mirror, Jiavo had him to conclude that 
an irregular distribution of atrho 
docs not properly appertain to strati- 
fication, but that its appearance is 
duo to certain peculiarities in the 
current, largely dependent on instru- 
mental causes. 

The inductiou-coil used was an 
“18-incli,” worked occasionally by 
six large chloridc-of- silver cells, but 
more usually by teu or by twenty 
small Leclauchc cells. He has also, 
in connection with the same coil, 
120 of tlie latter cells, connected in 
twenties for quantity, and fonning 
six cells of twenty times the surface 
of the former. These work the cofl 
with the ordinary contact-breaker 
very well, giving 11 -inch sparks 
whenever required. A “switch” 
affords the means of throwing any of 
the three batteries in circuit at plea- 
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sure. The contact-breaker had a 
steel rod as vibrator, with a small 
independent electromagnet for main- 
taimng its action. 

With a contact-breaker of this 
kind in good action, several pheno* 
mena were noticeable ,* but first and 
foremost was the fact that in a large 
number of tubes (especially hydro- 
carbons), the stria>, instead of being 
sharp and flaky in form, irregular in 
distribution and fluttering position, 
were soft and rounded in outline, 
equidistant in their intervals, steady 
in proportion to the regularity of the 
contact-breaker. These results are, 
the author thinks, attributable more 
to the regularity than to the rapidity 
of the vibrations. And this view is 
sup^rted by the fact that, although 
the contact-breaker may change its 
note (as occasionally happens), and 
in so doing may cause a temporary 
disturbance in the stratification, yet 
the new note may produce as steady 
a set of strisB as the first. And not 
only so, but frequently there is 
heard, simultaneously with a pure 
note from the vibrator, a strident 
sound, indicating that contacts of 
two separate periods are being made^ 
and yet, when the strident sound is 
regular, the strije are steady. 

The discharges are usually those 
produced by breaking contact ; but 
it often happens, and that 'most fre- 
quently when the strident noise is 
heard, that the current produced by 
making contact is strong enough to 
cause a visible discharge. This haj)- 
pens with the ordinary as with the 
high break ; but in the latter case 
the double current presents the re- 
markable peculiarity, that the stria? 
of one current are so arranged as to 
fit exactly into the intervals of the 
other. Any disturbance affecting 
the column of striae due to one cur- 
rent aflfects similarly, with reference 
to absolute space, that due to the 
other, so that the double column 
moves, if at all, as a solid or elastic 
mass. And this fact is the more re- 


markable if we consider, as is easily 
observed in a revolving mirror, that 
these currents are alternate, not only 
in direction, but also in time, and 
that no one of them is produced 
until after the complete extinction 
of its predecessor. This association 
of striiB is not destroyed, even when 
the two currents are separated more 
or less by the presence of a magnetic 
j)olo. There seems, however, to be a 
tendency in tliat case for the stria? 
of one current to advance upon the 
positions occupied by those of the 
reverse current, giving the whole 
column a twisted appearance. There 
is no trace, so far as the author’s 
observations go, of this association 
of alternate discliarges wdieii pro- 
duced by the ordinary break. 

The column of stria', wlucli usually 
occupy a large part f)f the tube from 
the positive towards the negative 
terminal, have hitherto been de- 
scribed as stationary, except as dis- 
turbed by irregularities of the break. 
The column is, however, frequently 
susceptible of a general motion, or 
“flow,” either from or towards the 
positive pole, say a forward or back- 
w'ard flow. This flow may be con- 
trolled, both in velocity and in 
direction, by resistance introduced 
into the circuit, or by placing the 
tube in a magnetic field. The re- 
sistance may be introduced in either 
the primary or the secondary circuit. 
For the former arrangement the 
author successfully emmoyed a set 
of resistance-coils, supplemented by 
a rheostat. For the secondary cur- 
rent, as well as for the Holtz ma- 
chine, he has used an instrument 
devised and constructed by his as- 
sistant, Mr. P. Ward. Avherever 
the resistance be introduced the 
following law appears to be esta- 
blished by a great number and 
variety of experiments, viz., that 
the strise being previously stationary, 
an increase of resistance produces a 
forward flow, a decrease of resist- 
ance a backward flow. 
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When the striie are flowing they 
preserve their mutual distances, and 
do not undergo increase or decrease 
in their numbers. Usually one or 
two remain permanently attached 
to the positive electrode ; and as the 
moving column advances or recedes, 
the foremost stria diminishes in 
brilliancy until, after travelling over 
a distance less than the intervals 
between the two stria*, it is lost in 
darkness. The reverse takes place 
at the rear of the column. As the 
last stria leaves its position, a new 
one, at first faint and shadowy, 
makes its appearance bcliind, at a 
distance equal to tlie common inter- 
val of all the others, Tliis new one 
increases in brilliancy until, when it 
has reached the ])Ositic)n originally 
occupied by the last stria, when the 
column was at rest, it l)Ocomes a.s 
bright as the otljors. The llow^ may 
vary very much in velocity ; it may 
be so slow that the a]>pearances aixl 
disappearaiK;es of the terminal stria* 
may be watched in all their phases, 
or it may be so rapid that the sepa- 
rate striai are no longer distinguish- 
able, and tlie tul)e appears as if illu- 
minat/ed with a continuous discharge. 
In most cases the true character of 
the discharge, aijd the direction of 
the flow, may be readily distin- 
guished by the aid of a revolving 
mirror, 

Leng-thening' of the Electric 
Spark. --Mr, Mixter 
Amei’ican JoiwiKd). — The author 
placed a gas flame between the two 
conductors of a 11 oltz machine. The 
gas current came from a glass tube 
tirawn out to a i)oi]it, and the flame 
had a length of about 1 inch and a 
diameter of only inch. When this 
was brought between the two ends 
of the machine, the lengtli of the 
spark obtained Avas at once increased 
from less than 10 in. to over 12iu., 
the whole of the distance by which 
the balls would be separated. Such 
an increase was not obtained when 
only one conductor was brought be- 


tween the two ends. A conducting 
ball of 1 inch diameter lengthened 
the spark only about an inch. 

Thomson’s Cluadrant Elec- 
trometer. — M. Terquem {Jour, de 
Physiquv^.—in the late Dr. Becker’s 
form of Sir William Thomson’s 
electrometer, the aluminium needle 
is maintained at constant potential 
by means of a J^cyden jar, with the 
inner coating of w'hicli it communi- 
cates ; of the brass quadrants one 
pair is connected with the earth, the 
other with the body whose electrical 
condition is to studied. In the 
form now described there is no 
Leyden jar, and the aluminium 
needle is suspended by a metallic 
wire. The quadrants are connected 
in opposite pairs with the two poles 
of a battery (zinc, water, copper) of 
100 elements, and thus always ex- 
hibit a constant diflereneo of poten- 
tial. TJje couluctor whose electrical 
capacity or ])otential is to be investi- 
gated is connected witli the wire 
carrying the needle, and the deflec- 
tions of tlic needle observed and 
measured by means of a telescope 
and scale. The instrument so used 
gives constant and satisfactory re- 
sults. — A cu dfr/uy. 

Phenomena produced in 
Liquids by Electric Currents 
of High Tension. - (J. Plante. — 
A secondary battery of forty ele- 
ments, each formed of jdates of lead 
in acididated water, is charged by 
tAvo Bunsen’s cells. The current 
from tliis battery, though only tem- 
porary, lias sullicient duration to 
exl libit in all their details the effects 
produced by the passage of the elec- 
tricity through imperfect con- 
ductors, such as the liquids of vol- 
tameters. Platinum wires con- 
nected with the two poles are 
dipped into acidulated water. ln« 
the circuit is introduced also a pla- 
tinum wire eighty centimetres long 
and one-tenth of a millimetre in 
diameter. If the positive terminal 
be immersed first, and then the 
S 
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negative, the latter is surrounded 
by an envelope of light, but there is 
no sensible disengagement of gas, 
nor docs the platinum wire become 
visibly heated. At the end of two 
or three minutes the luminous en- 
velope disaxjpears, an abundant dis- 
engagement of gas takes jdace at 
the two electrodes, and the plati- 
num wire at the same time becomes 
red througliout its whole length. 

M. Plante employed also a 
secondary battery of 200 elements, 
the discharge current of which was 
equal to tiiat of .*k)0 Bunsens ar- 
ranged in series. 1'iiis l)attcry may 
be charged iu a])out au hour by two 
Bunsen’s cells. \Vlieii discharged 
through a U-tube cuntaiuing a satu- 
lated solution of common salt, the 
negative eJceti'ode liciiig lirst im- 
mersed, tlic aiqtroacli of tJie 2 ><>si- 
tivo wire into contact with the 
liquid determines the formation 
around it, witJi a roaring noise, of a 
small luminous gloluilo of x»erfcct 
s^dierieity. On raising tiic jdati- j 
num wii’c the globule increases in 
size, attaining a diameter of 10 mil- 
limtitres ; w'lien the wire is dc- 
jjressed the globule assumes a rapid 
gyratory motion, and having ac- 
(juired a certain velocity becomes 
detached, as if attracted by tlie 
otlier electrode, and disa])X)ears with 
an exxjlosioii and flame at the nega 
tive electrode. TJiis globule is uot 
gaseous, for under these conditions 
the decomposition of the water takes 
place wdth great difficulty ; it is a 
liquid globulG in a peculiar sijhe- 
roidal state, and since it is almost 
insulated, by reason of its spheroidal 
state, from the rest of the liquid, 
must naturally be charged with the 
same electricity as that of the wire 
at which it originated, l.e^ with 
positive electricity. 

The author observes that cases of 
globular liglituing liave generally 
been observed at the end of a storm, 
when the electricity of the atmo- 
sphere flows freely the earth 


through earth saturated with aque- 
ous vapour. He regards this ijor- 
tion of the atmosphere as a vast 
voltameter, one electrode being 
formed by a cloud, the other by a 
l^oint of the earth, — a voltameter in 
which the water would be with 
difliculty decomposed, and in which 
such luminous and calorific pheno- 
mena as arc described above would 
play a prominent ])art. Although 
lire-balls are certainly not spheres 
of liquid, they may nevertheless be 
formed of a x)ondcrablo matter 
charged with electricity, and we 
may conceive that the high tension 
of atmosjilieric electricity may x)ro- 
duco with humid air tliat yvliich 
tlynamical electricity produces with 
a saline liquid. — Aau/ivn/. 

Cause of the Polar Aurora — 
Analog*ies with Natural Phe- 
nomena.— M. Plante. — A U-tube 
full of salt water was cmidoyed by the 
author as a voltameter, and was sub- 
jected to the action of the electric 
source iiidiwitcd in a former commu- 
nication. If, the negative wdre being 
IDluiiged in one of the limbs of tho 
tube, the end of the i)ositive wire is 
X>laced in contact with tho glass in 
tho otlicr limb, a little above tho 
liquid, wc perceive at first around 
the wire a glittering crown pro- 
duced by the saline ])artieles which 
line tho tube. If the wire is ap- 
proached towards the liquid, a de- 
pression is fjroduced ; a luminous 
areii, bordered with radiating strife, 
ajjpears along the glass, and is trans- 
formed into an irregular demi- 
crown with sinuous outline, and 
animated with a rapid undulatory 
movement. Steam escapes in rapid 
jet.s above tlic sparks of fire, as if it 
issued from a boiler under pressure. 
Tho concavity of the luminous arch 
in the voltameter, turned towards 
the point whence the positive cur- 
rent issues, compared to the con- 
cavity of tho aurora turned towards 
the earth, shows that the flow of 
the electric currents, brought from 
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tho equator by the liiglier winds is 
from below upwards, that is, from 
these regions of the atmosphere to 
still loftier ones. These currents, 
impinging upon the icy clouds of 
the poles, which correspond to the 
saline particles, and to the moist 
glass of the voltameter, are trans- 
formed into heat and light, and 
vaporise the [)olar clouds which are 
rc-precipitatcd in the form of snow 
or rain. Thus the polar aurora is 
due, not to discharges between the 
electricity of the atmosphere and 
that of the ground — which would 
involve the i)oles in a perpetual 
thunderstorm — but rather to the 
dissemination in the higher atmo- 
sphere of the great masses of elec- 
tricity derived from the surface of 
the globe in a calorific and luminous ! 
form. Finally, if it is permissilde ■ 
to carry (mt the analogies further, 
we hnd in the phenomena observed 
a reproduction on an inti nitoly small 
scale of the possible mode of forma- 
tion of jthe heavenly bodies, sphe- 
rical or annular, and a rapid image 
of their dcvclopnicnt down to their 
extinction or transformation in 


oppose to its passage. Tlic inten- 
sity of the ordinary electric light 
(with carbon points) arises from the 
circumstance that the stratum of 
air, a bad conductor, which is 
found between the two charcoal 
points, is heated to an excessive 
degree by the passage of the electric 
current, and thus imoduces indi- 
rectly the combustion of the coke or 
charcoal electrodes, heated to white- 
ness. It has also long been known 
that solid bodies may also be heated 
to whiteness without the presence 
of gaseous matter. Thus, slender 
platinum wires are intensely heated 
by the current. The light from 
this source is more fixed and con- 
stant than that of the luminous arc 
between tlie carbon points ; but it 
is too feeble and too costly, whilst 
,ttem])ts to increase its intensity 
;ciicrally result in the fusion of the 
datinum. M. Ladyguiuc replaces 
tlie wire by slender rods of carbon 
coke) hermetically sealed in a glass 
receiver, from wJiich the oxygen has 
been removed , — Chemical Ncwn. 

Electrolysis of Metallic 
Chlorides. — Professor Gladstone 


.space. We arc thus led to think 
that in the first impulse given, or 
in the number of the various move- 
ments impressed upon the ethereal 
matter in the work of creation, it is 
necessary to include that particular 


and A. Tribe (Phy.sical Society). — 
If metallic copper bo immersed in a 
solution of cupric clJoridc, insoluble 
cuprous chloride is formed uj)on it. 
The authors found that if a plati- 
num strip be joined to one of 


mode of motion wliich constitutes 
electricity, masked as it might be 
under the more striking phcnoinoua 
of heat and hght . — Comptes Uendas. 

New Electric Lamp. — A M. 
Ladyguine has overcome many of the 
difficulties encountered in the pro- 
duction of the electric light, and has 
reudere<l its general use iiracticablc. 
It has long heeu known that the 
carbon electric light is not due to a 
direct luminous cllcctof the elcctri 
cnrrciit, l)ut merely to tbc propeity 
^ wLicli this current possesses of lieai- 
ing the conductors which it tra- 
verses, and that with the greater 
intensity tho more resistance they 


copjjer, and the two immersed, the 
insoluhle cuprous salt was .also de- 
posited upon the platinum. At- 
tributing this result to tho electro- 
lysis of the cupric salt by a feeble 
current, they tried the effect of a 
zinc-platinum cell excited by com- 
mon water and with platinum elec- 
trodes ill the cuj)ric chloride. Cu- 
Xiroiis chloride appeared at the 
negative, and chlorine at the jiosi- 
tivc electrode. An ordinary Grove’s 
cell also gav(5 cuprous chloride for 
the first two or three minutes, bift 
afterwards metallic coxiper. A zinc 
and a jjlatiniim plate were joined 
and immersed in the cupric chlo- 
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ride ; cuprous chloride was depo- 
sited upon the platinum, the edges 
being also encrusted with metallic 
copper. With magnesium in place 
of the zinc, a larger proportion of 
cop^r was obtained. Mercuric and 
feme chloride • being analogous to 
cupric chloride, induced the authors 
to experiment with them also. Pre- 
cisely analogous results were ob- 
tained, mercurous and ferrous chlo- 
rides being obtained at the negative 
electrode. 

Electromotive Force at the 
Boundary Surface between a 
Metaland aEiquid.— H. Quincke 
{Pofjgeudorf Annales ). — When two 
mercury electrodes are immersed, 
unsimultancously, in au indiffereut 
conducting lifjuid (such as water, 
alcohol, glycerine, &c,) ; an electric 
current goes from the newly -wet 
niercTiry surface, through the liquid 
to the mercury wliicli has been 
longer immersed. Its strength de- 
creases with increased resistance of 
the liquid column between the elec- 
trodes. The electro-motive force de- 
creases witli increasing concentration 
of the saline solution (where such is 
used); and is greater, the sooner 
the boundary surface between 
tlie mercury and the surrounding 
liquid is produced. The author con- j 
siders that the curreut is caused by 
the change of molecular nature of 
liquid particles in the neighbourhood 
of the surface of contact ; a change 
taking i:)lace gradually after imnmr- 
sion. Solid metals give like cur- 
rents. — English Mechanic. 

Crystallisation of Metals by 
Electricity. — P. Braham. — The 
author placed tlie positive and nega- 
tive electrodes of a battery in a vessel 
containing a mixed solution of copi.)er 
and zinc. With terminals of coj)pcr 
he obtained a dull crystallisation 
proceeding from the negative rwle of 
mixed crystals of copper and zinc, 
and beyond this, ci^stals of cox)per 
alone. With terminals of zinc he 
got a mixture of crystals as before, 


and in front of these, crystals of zinc 
alone. But with terminals of brass 
(a compound of zinc and copper) a 
dull crystallisation of zinc across the 
field. He also observed that with 
zinc terminals, by increasing the 
battery power, the crystallisation is 
broken uj) ; but not so when the 
terminals are coi)per or brass, for 
then the crystallisation extends 
above and beyond the positive pole. 
— BrUlsh A sHociation. 

Zinc Electrodes. — A. Overbeck 
{Poggendorf Annalen). — Du Bois 
Ueymmid has sliown that amalga- 
mated zinc i)latcs in solutions of zinc 
salts exhibit no xdienomcna of polar- 
isation. I'atry afterwards showed 
that the solutions must be neutral. 
The autlior has made some exj^cri- 
ments on the subject, cnaidoying 
currents of gradually iucreasing 
strength, the result of w'hieh is to 
show that ainalgarnated zinc elec- 
trodes arc not only uiisuscei.)tible to 
polarisation wdieu the electrolysing 
current is^‘ weak, but tljat witli a/ 
battery of live or six C rove’s cells 
tlie zinc plates become X)olariHed ex- 
actly as if tlicy were xdatinum. M. 
Overbeck supxiOkScs that vhen the 
current is feeble tJie salt only is de- 
composed and not the water in which 
it is dissolved, but that with a more 
iutense curreut the water itself suf- 
fers decomposition. — A cade my. 

Electric Conductivity of So- 
lutions of the Chlorides of Al- 
kalies and Alkaline Earth 
Metals.— Prof. Kohlrausch and 0. 
G rotrian( Poggen dor/ Annalen). — The 
source of electricity emxdoyed was 
an induction ax)i>aratus, called by 
the authors a Sine- Inductor. A 

maguctised disc is rotated in a coH of 
wire with such velocity as to pro- 
duce from 100 to 200 currents ia 
alternate directions in a second. The 
object of employing a system of cur- 
rents in alternate directions is to# 
prevent the polarisation of the elec- 
trodes. 

The authors have determined the 
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conductivities of aqueous solutions 
of nitric acid and of the chlorides of 
sodium, potassium, ammonium, li- 
thium, magnesium, barium, stron- 
tium, and calcium. Three sets of 
experiments were made, as nearly as 
poesiblo at the temperatures O', 18', 
and 40'' C. The conductivity of each 
substance was investigated at each 
of tliesc temperatures, the strengths 
of the solutions varying from 5 per 
cent, of the anhydrous salt up to 
complete saturation. For a given 
percentage strength of the solution, 
it was found that the conductivity 
increased very rapidly with the tem- 
perature, the rate of increase being 
not quite uniform, but much more 
nearly so than might have been ex- 
pected. For instance, the conduc- 
tivity of potassium chloride (5 per 
cent, of salt) which is 121 at O' fl., 
becomes 031 at 40' 0. : this increase 
is immensely groat as compared with 
that of the electric I'csistanco of a 
metal or the pressure of a gas. 
When the tempcjaturc remains con- i 
stant, the eondnctivitics increase ' 
continuously with the percentage ! 
strength of the solution. The eldo- 
rides of calcium and magnesium, 
however, arc exceptions to this rule, 
the solution of Ua(.'l,j, having a max- 
imum conducting power when it 
contains 24 per cent, of salt, and 
that of Mgllo similarly when it con- 
tains 10 '8 per cent. Nitric acid of 
maximum conducting power has a 
specific gravity 1*1045 (at 17' C.). — 
A aide my. 

Electric Conductivity of Car- 
bon. — Mr. llaucrrnann (liritish As- 
sociation).— A fragment of the suh- 
stanco to be tested is held with a 
strip of zinc bent in a (J-fonn, and 
immersed in a solution of copper 
sulphate. In the case of a bad con- 
ductor a deposit of copper takes 
place solely on the surface of the 
zinc, but when a good conductor is 
employed a zinc-carbon couple is 
formed, and a deposit takes place on 
4Jhe suriace of the carbon. The con- 


ducting power is greatest in coal 
which has been subjected to a great 
degree of heat, and the lowest tem- 
perature at which tliis change takes 
place appears, in the case of anthra- 
cite, to be between the melting points 
of zinc and silver. Such experi- 
ments appear to be specially im- 
portant as giving a clue to the 
temperature at which anthracitic 
mctaiiioridiism has been eflected by 
the intrusion of igneous rock. ^ This 
mode of operating was originally 
devised by Jlr. von Kobell. 

Electric Conductivity of 
Glass, by Wildman Whitehouse 
(Physical Society). — The* author 
employed pieces of thermometer 
tube alioiit an inch in length, into 
the Ijorc of which two platinum 
wires were inserted in such a manner 
that there was an intci'val between 
the points. In some cases one wire 
of platinum ocenpied the entire bore 
of the tube, and this tube was sur- 
rounded on its external surface by a 
helix of wire of the same metal. In 
each case the arrangement wasintro- 
d\ieod into a circuit in which were 
also [)lai;ed a Thomson galvanometer 
and a set of resistance coils. It was 
shown that at the ordinary tempera- 
ture tliei’c was no deflection, but 
that the current passed freely when 
the glass was heated to redness. The 
ditlioulty of making contact with 
the glass led the author to re- 
place thi.s an aiigcnient by two test- 
tubc.s, one ijiside the other, both 
containing mercury, with which, 
wires of plalinuin freely communi- 
catt‘d. The llairic of a Bunsen burner 
was applied to the outer test-tube 
and the temperature of the metal 
noted hy the aid of a thermometer. 
In one series of experiments the 
diameter of the internal tube was 
^ inch, the length in contact with the 
mcrtairy about 32 inches, and the 
thickness of the glass jJ^th or an 
inch. A current was first observed 
to pass at 100'' 0., and, as the tempe- 
rature rose, the amount of deflection 
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increaBed. The following are ap- 
proximate measurements of the re- 
sistance of the glass at dilTercnt 


temjKjratures 


Rosistanco. 

Ohniads. 

At 165° C, 

= 229,500 

„ 185 

- 100,000 

„ 210 

= 69,000 

„ 255 

= 22,500 

270 

- 9,000 

„ .-Joo 

= 6,800 


Electric Conductivity of Lead 

Salts, — E. Weidcmann {l^Hjtjendorf 
Ann.) confirms the observation made 
by Buff in 1850 that the electric 
conductivity of chloride of lead-in- 
creases wntli the temperature instead 
of diminishing, as is the case with 
metallic substances. He also finds 
tliat iodide and bromide of lead pos- 
sess the same property. It appears, 
however, that tlieir conductivity is 
not quite like that of a metal (as was 
stated by Buff), for at temperatures 
considerably below’ tlie fusing points 
of the lead com])ouuds a certain 
amount of electrolysis takes place. 
This is shown by the production of 
a current wdieu the battery is re- 
moved from the circuit and the ter- 
minals arc connected wdth a galvan- 
ometer. 

Electrical Resistance of 
Liquids, ™W. J. Wilson.— Great 
difficulty has hitherto been ex- 
perienced in measuring the resist- 
ance of electrolytes on account of 
the polarisation of tlie electrodes, 
and most of the methods hitherto 
employed have aimed at reducing 
this to a minimum by using large 
electrodes and very W’eak or rapidly 
alternating currents. The deter- 
minations, however, are difficult and 
require to be quickly performed. 
The following method is easy and 
is free from both the above objec- 
tions. The arrangement in its most 
simple form consists of a long nar- 
row trough filled vrith the li(juid to 
be measured, say dilute acid. A 
porous pot containiDg a zinc plate in 


sulphate of zinc being placed in the 
acid at one end of the trough, and 
a similar pot wdth a copper plate in 
sulphate of copper in the acid at the 
other end, the wdiole arrangement 
forms a sort of elongated Daniell’a 
cell, the chief resistance of which is 
in the long column of acid. The 
circuit between the plates being com- 
pleted through a resistance box and 
mirror galvanometer, the current is 
shunted until a suitable deffoction is 
obtained. One of the porous pots 
is now moved along the trough to- 
w’ards the other, and, as the resist- 
ance of the circuit is thus reduced 
by shortening the column of acid, 
the galvanometer deflection largely 
increases. The external resistance 
is now increased by means of the 
box, until, the deflection is reduced 
to the same point as at first. This 
resistance put into tlie circuit is 
evidently equal to that of the liquid 
taken out, and tlnis a measure of the 
liquid resistance is obtained. Tw’o 
forms of apparatus arc used. In 
one, the vessels containing sulphate 
of zinc and sulphate of copper re- 
spectively, form pistons in a glass 
tube wdiicli contains the liquid to 
be cxaiiiined. In the other, tw’o 
pairs of concentric vessels arc con- 
nected by a bent glass tube which 
contains the liquid under examina- 
tion. The method is applicable to a 
great vai’iety of liquids, and with 
care almost any degree of accuracy 
may be ol)tained. The chief obstacle 
to exact measurements lies in the 
fact that the resistance of liquids is 
greatly affected by temperature, but 
tliis difficulty is, of course, common 
to all methods . — Physical Society. 

Electrical Resistance of 
Metals.— Heno Benoit [Arch dc 
Sciences., BIU. Univ. dc Genhc ). — The 
author has studied the variation of 
condiictiug powers within very ex- 
tended limits of temperature, vary- 
ing, indeed, from 100'' to 860° 0. The 
increase of resistance is proved to fol- 
low a regular course, which oon- 
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tinues— certainly foi* lead, zinc, and 
tin, and probably for all tliciruitals — 
\ip to their molting points. Tlic less 
elevated the fusing-point of a metal, 
the more rapidJy docs its conductivity 
diminish— iron and steel forming, 
however, an exception to this law. 
In metals in which tlie resistance is 
the greatest, its increase, under the 
inllucnce of heat, is relatively the 
most rapid. The differences of com- 
positions, in alloys, which alter con- 
siderably the absolute resistance, 
have but slight influence on the 
relative value of its augmentation 
by increase of temperature. 

Immunity of the Torpedo 
from the Effects of its own 
Shock. — Herr Steiner (Arckiv. filr 
Anat. du, Phys . ) — It is diflicult to see 
why the current generated in the 
electric organs of this fish should not 
be proi)agated through its own 
nerves and muscles as readily as 
through any other conductor. The 
first set of experiments was made on 
torpedoes removed from the water. 
It was found that althougli no 
sensible shock was coinniunicated to 
the finger when in contact with any 
part of the s\xrface except that im- 
mediately over the electrical organs, 
yet a rheoscopic frog would twitch 
with every discharge, even when 
lying on the tall of the torpedo. On 
substituting a small living torpedo 
for tlie frog, its tail, or even its 
whole body, might be seen to twitch 
whenever a shock was drawn from 
the larger fish. Lastly, careful ob- 
servation proved that the muscles 
of the discharging torpedo itself 
contracted simidtaneously with each 
shock ; the contraction was not very 
vigorous, and was less marked in 
proi)ortion to the distance of the 
muscle from the electrical apparatus. 
These experiments were repeated on 
torpedoes while still submerged iu 
their tank, and yielded exactly the 
same results. Living torpedoes were 
next subjected to a curreut from 
several Bunsen cells. The copper 


terminals of the battery were made 
to <lip into opposite tjoriiers of the 
tank, and the cirenit closed when the 
lish assumed a position between 
them. For purjiGses ol’ comparison, 
frogs and a siiecies of mullet were 
exposed to the same cuiTcnts. It 
was found that as the latter in- 
creased ill intensity, the frog was 
the first to exhibit muscular twitch- 
ing, the mullet next, and the torpedo 
last, showing that the torpedo is less 
sensitive to electrical stimulation 
than either of the animals compared 
with it. Aauh'Vf tj. 

Coke-Manganese Galvanic 
Cell. — Sergius Kern, St. Peters- 
burg. — IVly cell is a modilication of 
Leclanclie’s, and the exjjeriments 
prove it to act very coustautly. 

Two parts of cleanly washed coke, 
and one jiart of manganese dioxide 
(MnCL) in the state of powder, are 
well mixed together Avitb a small 
quantity of water acidulated with 
some drops of nitric acid ; the mix- 
ture is then strongly pressed into 
brown pajiei- eai tridges 01*25 metre 
high and O'Oo inetio diameter. The 
resulting coke-manganese cylinders 
are dried iu a warm place, but hot 
over a fire, be(?aiise the heat, as it 
is known, decomposes the manganese 
dioxide. 

The dried cylinders are placed in 
glass jars containing concentrated 
solution of ammonium chloride 
(NH 3 IICI), and surrounded with 
zinc-plates curved in the usual man- 
ner. By this arrangement the use 
of porous cells is avoided, and a 
battery of such elements acts more 
constantly; besides this, the con- 
struction of it is cheaper. Instead 
of liaving glass jars, I am using 
wooden boxes, tlm size of the glass 
jars ; the internal parts of the lx)xes 
arc covered with the following i^x- 
ture, melted in an iron cup : — 
2 parts of wax, 10 parts of common 
resin (colophony), 2 parts of red- 
lead and ft jjart of gypsum. 

The zinc of the clement is the 
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negative pole ; the coke, the positive 
polo. Tne reactions which take 
place in this element may be repre- 
sented by the followin'^ equations : — 
2NH3HCI -h 2Zu- 2Z11CI., + 2^^H, 

+ H,; 

H,-hMn0,=:Mn04-H,0. 

— Chemical Neim. 
Cheap Constant Battery.— A 
three-necked jar is used as a cell. 
In one of the side necks, a carbon 
plate is inserted, tlie other being 
occupied by a slab of zinc, amalga- 
mated and covered with cotton. 
Pieces of coke and peroxide of man- 
ganese are inserted through the 
centre neck till the jar is about two- 
thirds full, when a concentrated so- 
lution of sal-ammoniac is poured in, 
and a flask containing some of tlie 
solution attached to the neck in 
such a way as to supply loss from 
evaporation. This cell is made in 
Stuttgart, but of course it is only 
the special form of the jar that is in 
any way novel. — EnfiUnh Mechanic, 
Chromic Acid Battery, de- 
vised by Professor Bunsen of Heidel- 
berg, — The battery is the charcoal- 
zinc battery without clay cells. 
The exciting liquid is a mixture of 
bichromate of potash and sulphuric 
acid. In order to prepare 10 litres 
of this liquid, Professor Bunsen 
gives the following instructions : — 
0*765 kilogrammes of commercial 
powdered bichromate of potash are 
mixed with 0’8.32 litres of sulphuric 
acid in a stone jar while the mass is 
being constantly stirred ; when the 
salt IS changed to sulphate of potash 
and chromic acid, 9 *2 litres of water 
are added, the stirring being kei>t 
up and the water allowed to flow 
from a spout about \ inch wide ; the 
crystal meal, which already is very 
warm, becomes warmer and warmer 
and eventually dissolves completely. 
The exciters for this liquid arc : a 
rod of the demcM gas coal, 4 cm. 
broad, 1 *3 cm. thick, and immersed 
12 cm. deep into the liquid, and a 
rolled plate of zinc 4 cm. broad, 


0*5 cm. thick, and immersed to the 
same depth as the coal ; the zinc 
plate is entirely coated with a layer 
of w'ax (which is put on whilst hot), 
excejit that plane whicli is turned 
tonrards the coal and which is amal- 
gamated. Tlie distance between 
coal and zinc is entirely optional ; 
in the researches of Professor Bun- 
sen it varied according to circum- 
stances between 3 and 10 milli- 
metres. This l)attery, as compared 
to Grove’s battery, requires cells of 
at least three to four times more 
capacity. The best shape for these 
cells is that of narrow, high cylin- 
ders. The column of liquid, of 
about 1*6 litres, has a diameter of 
about 0*088 metres, and stands 0‘28 
metres high in the cylinder, which 
bears a mark at that height. The 
zinc-coal pair is only immersed up 
to half its heiglit into the liquid 
column, and has an active zinc sur- 
face of about forty-eight square cm. 

With regard to the constants of 
this chromic acid battery without 
clay cells, it considerably surpasses 
in electro-motive force all other ap- 
])aratiis with cla}^ cells hitherto used. 
It possesses an electro-motive force 
which is about 13 per cent, larger 
than the ordinary charcoal-zinc or 
fJrove battery. Its essential con- 
duction resistance is about 12 per 
cent, smaller than that of Grove’s bat- 
tery with clay cells. As the con- 
sumption of zinc goes on whether 
the circuit is somplete or not, it is 
indispensa1)le to arrange the cells in 
such a manner as at every inter- 
ruption of the current to bring the 
plates out of contact with the liquid. 
This is attained by a simple hand 
lever arrangement by which the 
plates can be dipped into or raised 
out of the liquid. 

Prof. Bunsen possesses a battery 
of this kind, of forty pairs, with an 
active zinc surface on each plate of 
only forty square cm. For tlie last 
eight lecture-terms (more than four 
years) it has served for all experi- 
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ments without its having been neces- 
sary during this long time to renew 
the zinc plates, or their coatings of 
wax, or the original exciting liquid, 
nor to clean the conducting con- 
nection parts ; it has been merely 
necessary to renew now and then 
the amalgamation of the zinc plates 
(an operation wliich only takes a 
few minutes of time), and to replace 
that part of the lii[uid wliich was 
lost by evaporation in the air, by 
simply filling the cylinders with 
water up to the marks on their sides. 
The apparatus still gives an electric 
arc between carbon points which 
amply suffices for the photo-chemical 
lecture experiments. The currents 
arc powerful enough for demon- 
strations in electrolysis, spark spec- 
tra, decomposition of gases by in- 
duction sparks, &c. , and will doubt- 
less continue to suflicc for all these 
piirposes for some time to come. 
But we must again repeat that 
effects of such magnitude can only 
be expected if the precaution is used 
(and it is very easy to do so) not to 
leave the pairs in contact with the 
liquid for one moment longer than 
the duration of the current necessary 
for the experiments re(piires it. — 
Nature. 

De la Rue’s Constant Bat- 
tery (Royal Society). — Each cell 
is formed of a glass tul)e (» inches 
long and of an inch internal dia- 
meter ; these are closed with a vul- 
canised rubber stopi)er, perforated 
excentrically to permit the insertion 
of a zinc rod, carefully amalgamated, 

of an inch in diameter and 4 '5 
inches long. .The other element 
consists of a flattened silver wire 
passing by the side of the cork to 
the bottom of the tube, and covered, 
at the upper part above the chloride 
of silver and until it passes the 
stopper, with thin sheet of gutta- 
percha for insulation, and to protect 
it from the action of the sulphur in 
the vulcanised corks ; these wires 
pre of an inch broad, and 8 inches 


long. In the bottom of the tube 
is jnaced 225 ‘25 grains chloride of 
silver in powder; this constitutes 
the electrolyte ; above the chloride 
of silver is i>oured a solution of 
common salt containing 1,752 grains 
to 1 gallon of water, to within 
about 1 inch of the cork. The con- 
nection between adjoining colls is 
made by passing a short piece of 
indiaruhbev tube over the zinc rod 
of one cell, and drawing the silver 
wire of tho next cell through it so 
as to press against the zinc. The 
closing of the cells by means of a 
cork prevents the evaporation of 
water, and not only avoids this 
serious inconvenience, hut also con- 
tributes {to tho eflectivoness of the 
insulation. The tubes arc grouped 
in twenties in a sort of test-tube 
rack, having four short ebonite feet, 
and the whole of tiie cells (1080 in 
number) placed lu a cabinet 2 feet 
7 iuclies high, 2 feet 7 incljes wide, 
and 2 feet 7 inches deep ; the top 
being covered with ebonite to facili- 
tate working with the apparatus, 
which is thus placed on it in an in- 
sulated table. 

Thcelectro-inotivc force of this bat- 
tery, as compared with a Dauiell’s 
(gravity) battery, was found to be as 
1 *0,‘l to I , (compared with a 
Daniell’s flattery, in which the zinc 
is immersed in dilute sulphuric acid 
in a porous cell, its electro -motive 
force is about 3 per cent, less than 
the Eaniell), its internal resistance 
70 ohms ])er cell, and it evolved 
0'0131 cubic inches mixed gas per 
minute when passed through a mix- 
ture of I volume of sulphuric acid 
and 8 volumes of water in a volta- 
meter having a resistance of 11 ohms. 
The striking distance of 1,080 ele- 
ments between copper wire terminals, 
one turned to a point, the other to a 
Hat surface, in air, is inch* to 
inch. Tho greatest distance 
tlirough which the battery -current 
would pass continuously in vacuo 
was 12 inches between the torminals 
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in a carbonic acid residual vacuum. 
This battery lias been working since 
the early part of November, 3874, 
with practically a coustaiit electro- 
motive force. 

Besides 2,000 more cells like those 

i ‘ust described, Dr. Do la Eue and 
)r. Spottiswoode arc putting to- 
gether 2,000 cells witli the chloride 
of silver in the form of rods, which 
are cast on , the flattened silver 
wires, as in a battery described by 
Be la Rue and Muller, but in other 
respects similar to the battery above 
described ; the glass tubes being, 
however, somewhat larger in dia- 
meter ; the rods of chloride of silver 
are enclosed in tubes open at the 
top and bottom, and formed of 
vegetable parchment, the object of 
these vegetable parchment cases be- 
ing to prevent contact between the 
zinc and chloride-of-silver rods. The 
internal resistance of batteries so 
constructed is only from 2 to 3 ohms 
per cell, according to the distance of 
tlie zinc and chloride-of-silver rods, 
and they evolve from 0*18 to 0*27 
cubic inch per minute, in a volta- 
meter having a resistauco of 1 1 ohms. 
Their action is remarkably constant. 
These batteries are being used in re- 
searches to discover the cause of 
stratification of electrical discharges 
in vacuo. — Royal Sockly. 

Cause of Stratification of 
the Electric Discharge in 
vacuo. — Dr. DelaRue, Dr. Spottis- 
woode, and Dr. Hugo Muller, — When 
the terminals of the battery above 
described are connected with the 
wires of a vacuum-tube which per- 
mits of the passage of the current, the 
wires (especially the one connected 
with the zinc end) become surrounded 
with a soft nebulous light, in which 
several concentric layers of different 
degrees of brilliancy are seen. In 
most cases there is no stratification 
or even tendency tC stratification ; 
the tubes selected for these experi- 
ments were those in which the strati- 
fication did not appear at alL ! 


When the battery, already in con^ 
nection with the vacuum-tube, was 
also joined on to one or more coil 
condensers (coupled to introduce a 
greater length of wii’e) in such a 
manner that the wires represented 
the opposite coatings of a Leyden 
jar, the terminals of the coil con- 
densers being left free, tlien im- 
mediately well-defined stratifica- 
tions appeared in the vacuum- 
tube. 

Tlie coil forming a sort of Leyden 
jar when thus used, it is clear that 
an interval, however short it may 
bo, must elapse in accumulating a 
charge which at intervals discharges 
itself and causes a great flow in the 
vacuum-tube in addition to that 
which passes continuously. (It may 
be stated that the capacity of the 
accumulator has to be carefully ad- 
justed to avoid a snapping discharge 
at distant interv^als.) The periodic 
overflows, so to speak, which in- 
crease the current from time to time, 
would seem to have a tendency to 
cause an interference of the current 
waves, and to produce nodes of 
greater resistance in tlie medium, as 
evinced by the stratification which 
becomes apparent. 

At times the terminals of the bat- 
tery were placed in connection with 
accumulators of different kinds— for 
instance, two spheres of 18 inches 
in diameter, presenting each a super- 
ficies of 7 ’07 square feet, and cy- 
linders of paper covered with tinfoil, 
each having a surface of 16 square 
feet ; the globe and cylinders were 
in all cases carefully insulated. 
Other accumulators were composed 
of coils of two copper wires of 
an inch in diameter, covered with 
gutta-j^ercha, in two folds, of an 
inch thick. 

In addition to these accumulators, 
others were used of various capaci- 
ties, from five to several hundred 
square feet, formed of alternate 
plates of tinfoil and insulating 
material, such as paper saturated 
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with paraffin, and also sheets of 
vixlcanito . — Boyal Society. 

Unipolar Conduction of 
Electricity through gas layers 
of different conductivity. — M. 
Braun, states that when two metal- 
lically connected wires are placed in 
the glowing gas mixture of a flame, 
a “ llame current” is produced, 
which is the algebraic sum of two 
others — viz., a “thermo current,” 
caused by the different temperatures 
of the wires, and a “ contact cur- 
rent,” due to ditrercnce in the sur- 
rounding gases of the electrodes. 
Where the latter is greatly exalted 
a current whose electro motive force 
docs not exceed tliat of the Hamc- 
current has always less resistance in 
the direct iou against the contact 
current (and mostly also against the 
hame current), than with it . — EnylUh 
Mechanic, 

Clamond’s Thermo-Electric 
Battery. — Count du Moncel. — In 
this battery the electro-] )Ositive ele- 
ment is of irou, and the negative 
element an alloy of antimony and 
zinc. The elements are connected 
circularly to increase the intensity, 
forming crowns, which are isolated 
from each other by plates of amian- 
thus. The polar extremities of the 
crowns arc placed in connection with 
a commutator, so contrived as to 
enable them to be grouped cither for 
intensity or for quantity. The ap- 
paratus has been employed for six 
mouths at the galvauo-plastic works 
of M. Goupil at Asuicres. The gas 
consumed costs two francs per kilo. 
(2‘21b8.) of copper deposited. The 
battery is used also in the Bank of 
France for galvauo-plastic opera- 
tions. In London this battery is 
in use at many of the telegraph 
stations. 

Gramme’s Magneto -Electric 
Machine. — By the use of Janin’s 
thin plate magnets the power of this 
machine is greatly increased. Six- 
teen inches of platinum wire can bo 
heated to redness, whereas the 


oriMal machine only ignited four 
inches. 

3^he foundry of MM. Hcrtmann- 
Dueonimim and Steinlen, of Miil- 
house, is now lighted by means of 
this machine. Four magneto-elec- 
tric machines supply four electric 
lam]»s, placed so as to distribute tho 
liglit over a space bOm. long by , ‘10m. 
broad. The lights arc inclosed in 
globes of roughened glass. Each 
machine recpiires 67 kilogrammetres 
of motor force. Tho carbons of the 
lamps are replaced every three hours. 
There is a hfth lamp, which works 
continuously throughout the night. 
The expense of the four lamps, apart 
from motor force, is about If. an 
hour. During the two mouths tho 
apparatus has been used, no mishap 
has occurred.- The magneto-electric 
machines cost 1.5001. each. The 
entire construction, comprising four 
machines and five lamps, cost 8000f. 
M. Gramme has made numerous 
attcuipts with a single machine 
supplying several lamps, but finds 
that it is im])()ssiblc to subdivide the 
electric light economically. — Eng^ 
link M ( chant r. 

New Form of Magneto-Elec- 
tric Machine. — S. C. Tisley stated 
that the new apparatus consists 
essentially of an electro-magnet with 
shoes forming a groove, in which a 
Siemens’ armature is made to re- 
volve. It differs from the original 
machines made by Siemens and 
Wheatstone in the commutator, as 
two springs conduct the current 
from the cylindrical insulator, to 
which are attached three pieces of 
metal, one surrounding it for three- 
fpiarters of its circumference, the 
second for one quarter, and between 
these is a third ring insulated and 
connected with the insulated end%f 
the wire from the armature, and 
bearing two pieces of metal which 
are so arranged as to complete the 
circles of the outer pieces of metal. 
By this means the currents produced 
are alternately used for augmenting 
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the magnetism, and for the external 
work required. The armature is so 
constructed that a stream of water 
may be constantly passed through it. 

A small machine constructed on 
this principle which, without its 
driving gear, weighs ‘JOlbs., is capa- 
ble of raising 8 inches (»f platinum 
wire and 0*00o iucJi in diameter to a 
red heat. — Flujsical Society > 

Electrolytes under Magneto- 
Electric Induction. — J. A. Flem- 
ing (British Association). — When a 
solid conductor is moved in a mag- 
netic held induced currents are 
created in it. In a solid these ex- 
pend themselves partly or wlioUy 
in producing heat in the conductor. 
The author states that when clectro- 
Ijrtes are made to How or move in a 
magnetic field, induced currents arc 
produced, and tlie electrolyte is to 
some extent decoraijosed by these 
currents. 

On Electro-Magnetism.— A. 

Tr^ve. — Referring to the discovery 
of De la Rive, that if in Ruhmkorir's 
great electro-magnet the current is 
closed between the two poles there 
is neither spark nor sound, but on 

X ning it there is a detonation 
lost like a pistol shot, the author 
states that the pheuomcnoii an- 
nounced by l3o la Rive is equally 
produced in the sphere of attraction 
of either pole ; that it is not iiilienmt 
in an inductor current alone, but 
that the current of any independent 
battery, interrupted in tliia .sphere 
of attraction, gives rise to the same 
effects, and that the extra current 
augments the tension really and con- 
siderably. — Chemical Nems. 

Electro -Magnet with Con- 
centric Tubes. — M. Camacho. — 
The princiide of the apparatus is 
that of tubular magnets. A central 
iron tube is surrounded with a helix 
of copper wire furnished with au 
’insulating coating. Around it is 
another iron tube with its helix, and 
then a third, likewise with a helix. 
The effect is said by the author to 


be beyond all comparison greater 
than that of any previously devised 
arrangement . — Chemical News. 

Magnets Formed of Iron 
Filings under Pressure. — J. 
Jamin has 'repeated recently an ex- 
periment published by De Haldat 
in 188(5. A brass tube with screw 
stoppers was filled with iron filings, 
and magnetised by ordinary means ; 
he then found that the apparatus 
had acquired at its extremities two 
contrary poles. Tho polarity did 
not augment when the stoppers were 
tightened, but diminished slowly 
when increasing quantities of sand 
were mixed with the filings. In all 
cases the polarity was feeble, and 
disappeared on shaking the tube. 
The author has repeated the obser- 
vation, compressing the filings 
strongly by means of a small hy- 
draulic press, and finds that the 
polarity increased with tlie pressure. 
Filings ’svere prepared from very 
soft iron, perfectly reduced, and free 
from cocrcitive force. The results 
did not diminish. Here, therefore, 
is a metal which has no cocrcitive 
force when it is continuous, Vmt 
wdiicli acfjuires a force as consider- 
able as that of steel if reduced to 
discontinuous fragments, and aggre- 
gated by pressure. Is it not to this 
discontinuity that the force observed 
must be ascrilied, and is it not this 
same cause wliich explains the coer- 
citive force of steel 'i If the filings 
before pressure are mixed with 
matters which render the mass more 
homogeneous, the same degree of 
polarity is no longer produced. For 
instance, on making a paste of chlo- 
ride of iron and iron filings, and 
pressing it after some days a mass 
of subcliloride of iron is obtained, 
which may he filed and j^olished like 
pure iron, but which refuses to be- 
come magnetic to any perceptible 
extent . — Comptes Rendus. 

Magnetisation of Steel 
Bars. — J. Jamin . — {Comptes Ren* 
dus ), — A great number of plates. 
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after being separately magnetised to 
saturation, are jdaced together. The 
magnetism of the combination is 
found to increase up to a limit which 
cannot be passed, and w hich is reached 
w^hen the polar surfaces are filled. 
Suppose that ten plates arc rc(pdred. 
If now the same cx})eriment is re- 
commenced, applying the same jjlates 
against tw^o iron armatures wdth 
large surfaces, the intensities will 
increase much more slowly, because 
the sum of the magnetism is dilVuscd 
over a more cousideralde extent, 
and the limit wdll not be reached till 
this extent is full. For this it may 
be needful to superpose 20, .‘>0, or 
40 plates, and, generally speaking, a 
number so much the greater as the 
armatures arc larger. The total 
pow'or of the magnet, therefore, in- 
creases with its armatures. 

Magnetisation of Iron Bars, 

‘ -J. M. Oaugaiu. -The author states 
that if the angle] formed by the 
magnet and the bar is made to vary 
from zero to 1 80 ' the inaguctisation 
increases wdtb the size of tJic angle. 
This law, however, docs not hold 
good wdicn the angle formed by the 
magnet and the l)ar exceeds 00 \ It 
then decreases till a certain limit 
has been passed, which, in the I 
author 8 experiments, w'as near 120". ' 
— Comytes Hen this. 

Construction of Magnets by 
Electrolysis. — W. Beetz. — He 
finds that iron precipitated from 
a solution of iron containing sal- 
ammoniac is, in a very eminent 
degree, capable of permanent mag- 
netism ; but that wdieu precipi- 
tated from other solutions, iron is 
only in a slight degree magnetic. If 
the precipitate is obtained under the 
inllueiihe of powerful magnetism, 
strong magnets of bomogeneous 
structure are formed from solutions 
containing sal-ammoniac. On the 
other hand, solutions of sal -ammo- 
niac yield magnets containing an 
irregular structure, in consequence 
of which the feeble magnetism of the 


precipitate is rendered still weaker. 
— JUngllsh Mechanic. 

Magnetisation by Steam.— 
Donato Tommasi {Coviptcs JRendus), 
— If a current of steam at a pres- 
sure of 5 to 6 atmf>sphercs is passed 
through a copper tube of 2 to 3m.m. 
in diameter, and coiled spirally 
around an iron cylinder, the latter 
is magnetised so effectually that an 
iron needle, placed at the distance of 
some centimtdres from the steam 
magnet, is strongly attracted, and 
remains magnetic as long as the 
steam is allow' ed to pass through the 
copper tube. 

Measurement of Magnetic 
Moments. — E. Bouty (Academy)^ 
— IJj)on a rigi<l support of sealing 
wax, moveable about a vertical axis, 
is lixed (1) a liorizoutal needle, the 
magnetic moment (J/) of which is 
known, and (2) at right angles to 
the needle (il/j and a little above it, 
a small glass tube into which is 
introduced the needle wliose mag- 
netic moment {:<') it is desired to 
determine. The system thus formed 
takes, niulcr the inlluence of tho 
earth’s magnetism, a determinate posi- 
tion of equilibrium, such that the 
magnetic axis of tlie needle (M) 
makes with the plane of the magnetic 
meridian an angle a determined by 
the etpiation x - M tan. a. A mirror 
being attached to the support which 
carries the needles, the angle a. is 
read off by means of a telescope with 
a scale placed horizontally imme- 
diately below its objc(it glass. With 
this apparatus the author w’as able 
to effect measurements relative to 
needles 2 millims in length and 0*2 
millimsiii diameter. 

With regal’d to the breaking of 
long needles magnetised to satura- 
tion, Professor Bonty found that the 
fact of breaking had no influence^ on 
tlie magnetic moments of the broken 
halves, provided the original needle 
was tempered hard, so as to break 
between the fingers like glass. If, 
however, the steel was tempered 
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soft, so as to- bend several times 
before breaking, the two halves pos- 
sessed unequal magnetic moments, 
the difference being due to the 
flexions which preceded the fracture. 

Depth, and Superposition of 
Magnetic Layers in Steel.— J. 
Jamin [Comptes Rendus ). — A steel rod 
was introduced into a steel tube, and 
the system magnetised in a helix, 
through which passed a galvanic cur- 
rentoi gradually increasing strength. 
So long as the current was feeble it 
acted only on the tube, leaving the 
core in its natural state. When the 
current attained a certain strength 
magnetism began to be imparted to 
the steel core, and increased in in- 
tensity with the current strength, 
until it finally became what it would 
have been had the tube been absent. 
It thus appears that the magnetism 
penetrates to a limited deptli, which 
increases with the strength of the 
magnetising current. 

In another experiment the steel 
core was magnetised to saturation 
before insertion in the tube, and the 
combination magnetised in tlie oppo- 
site direction by a current of gra- 
dually increasing stren^li, So long 
as the current was fcelnc the original * 
magnetism of the core was pre- 
served ; after a time, however, it 
was enfeebled and Anally reversed. 
During this ju'oeess a point is 
reached when the combination of 
tube and core does not appear to 
possess any magnetism ; but on 
separating the two parts of the sys- 
tem they are found to be oppositely 
magnetised. Neutrality is produced 
by their supeq^osition. 

If a steel lamina which has been 
magnetised be put into dilute sul- 
phuric acid, and withdrawn every 
half-hour in order to measure its 
thickness and the magnetism whicJi 
it has retained, it is found that the 
latter diminishes, as of cour.se it 
should, for the acid in dissolving 
the metal dissolves also the mag- 
netism which it contained. If the 


lamina were uniformly magnetised 
throughout its mass, the ratio of 
the quantity of magnetisation to the 
thiclmess would remain constant; 
but it is not so. It is found that 
the magnetism diminishes to zero. 
It follows that the intensity of the 
magnetic layer on the two faces of 
the lamina decreases from tho sur- 
face where it is a maximum, to a 
certain depth where it is zero. 

The magnetic strata are Umited 
to a certain thickness, which they 
can never exceed. This limit varies 
in diflerent steels. It is very great 
in those which arc soft, and dimi- 
nishes as the proportion of carbon 
augments and as tlie temper is 
harder. These latter only receive 
what may be called a superlicial 
magnetic coating, the thickness of 
which it is not possible to augment 
by increasing tlie intensity of tho 
current. But if the depth of the 
magnetisation diminishes along with 
the magnetic conductibility, the in- 
tensity of the magnetism increases. 
It follo>\'s that tlie quantity of mag- 
netisation is subject to two causes 
of inverse variation— the depth whicli 
increases, and the intensity which 
lessens as tho conductivity increases. 

Dual Magnetic Polarity. — 
J. Jamin Rendus). — In tho 

year 1007 (balileo wrote to a friend 
about a wonderful magnetic stone, 
one property of which was that the 
same pole would botli attract and 
repel the same piece of iron. At a 
distance of four or live flngcr-lengtha 
it attracted tho iron, but at a dis- 
tance of one finger- length it repelled 
it. He foLind, on examination, 
that the piece of iron was magne- 
tised steel. The author magnetises 
a bar to satuiation with a .current 
producing (say) 8 maguetisiu. Then 
with an inverse current he commu- 
nicates a certain amount of N mag- 
netism, less tlvaiv tlie S, and leaving 
some of it in the deeper parts, ddieu 
he dissolves tho steel with acid, 
which gradually removes the N 
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layers^ aud ere long discloses the 
B. Now tho latter are not disclosed 
equally all over, they make their 
first appearance at the extremity, 
on the edges and corners, the boreal 
layers still occiiping most of the 
surface ; and (in contrariety to the 
latter), they have great tension, but 
small magnetic moment. Suppose, 
now, the S p(dc of a magnet to be 
approached. While it is still dis- 
tant, it is subject to tho predomi- 
nating eifect of the N layers of the 
bar, and is attracted. But when 
what may bo called the NS pole is 
brought quite near, the S points 
gain the predominance and there is 
rcpvdsion. 

Distribution of Magnetism 
in Iron Bars. — 1‘rofcssor ii. A. 
Howland (ihitish Association). — 
Tho author tests this X)henomenon by 
laying on the surface of the bar a 
small helix connected witli a galvan- 
ometer, and suddenly removing it 
to a distance, at the same time ob- 
serving the throw of tho needle 
thereby produced. As the helix in 
this motion crosses all tlic lines of 
magnetic force which si)ring from 
the area covered by it, this tlirow 
is xu'ox)ortional to tlio number of 
these Hues of force, that is, to the 
surfacc-deusity of the magnetism. 
Another method which he cm^doys 
is to put a small coil of wire r()iiD<l 
the magnet and gradually move it 
along the whole length of the bar, 
the coil being connected with a 
galvanometer. 

Position of the Poles of a 
Magnet.— C. G. Midler {Po<jfjen- 
dorf Annalen ). — Tho magnet, which 
must be of small diameter, is at- 
tached to two faeces of cork, so as 
to he perfectly hori/.outal and place 
itself in the magnetic meridian when 
floated in water. A fine-pointed 
iron wire is then approached verti- 
cally from above over one of the 
ends of the needles, which moves 
nntil the resultant of all the acting 
magnetic forces coincides with the 


direction of tho iron udre. If now 
the wire be cautiously' depressed, it 
will touch the needle at the point 
of maximum attraction, i, e. at the 
pole. M. Muller’s experiments show 
that 'for such magnetic needles, of 
given length, the poles approach the 
extremities as the thickness dimi- 
nishes; that for needles of constant 
diameter, but varying length, the 
poles arc nearer the extremities as 
the needle is shorter, but that tho 
ratio of the distance of a pole from 
tho extremity of the length of the 
needle is not constant. 

Effect of Armatures on Mag- 
nets. — J. .lamin {(Joinptes liemius). 
— 'fhe author einjdoys magnets, the 
thickness aud width of which are 
cijual rcsficctivcly to 10 aud 50 milli- 
metres, but whose lengths vary. 
The armatiu’es arc of the same 
width aud thickness ; they are ad- 
justed as accurately as i)ossible, aud 
secured by x)rcssuro on the extre- 
mities of the magnet which they 
prolong. 

If a single armature is placed at 
the northern end of a magnet, it in 
no wise modifies the magnetic con- 
dition of the southern end, which 
remains bare. In like manner on 
the apxdicalion of an armature it 
takes magnetism which the steel 
loses, but this new distribution is 
no wise modified by putting an arma- 
ture on or by removing one from the 
north side. 

Hence, as regards armatures, 
there is an absolute independence 
between the two halves of the mag- 
net. This independence proves that 
the amdication of an armature to 
one of the ends of tho magnet occa- 
sions a new distribution there, but 
neitlier decreases nor augments tho 
sum total of the magnetism jire- 
sent : the steel loses what the arma- 
ture gams. — C/if'iuiral J^civs. ^ 

The Effects of Stress upon 
the Magnetism of Soft Iron.— 
Sir William Thomson (British Asso- 
ciation). — In the physicaJ. laboratory 
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at Glasgow University the author 
had steel and soft iron wire stretched 
about twenty feet long from tlie 
roof. An electro -magnetic helix was 
placed round a few inches of the 
wire, so that the latter could be 
magnetised when an electric current 
was passed through the former ; the 
induced current thus produced in a 
second helix outside the first being 
indicated by a reHectiug galvano- 
meter. When steel wire was used, 
the magnetism diminished when 
weights were attached to the wire, 
and increased when tlicy were taken 
off; but with specially made soft 
iron wire (wire almost as soft as 
lead), the magnetism was increased 
when weights were put on, and 
diminished when they were taken 
off. I'he author afterwards dis- 
carded the electrical apparatus, and 
found that by suspending a piece of 
soft iron wire near a magnetometer 
(consisting of a needle, a small frac- 
tion of a grain in weight, with a 
redacting mirror attached), the wire 
was magnetised inductively simply 
by the magnetism of the earth, and 
that changes in the amount of its 
magnetism took place on applying 
weights and strains, these changes 
being indicated by the magneto- 
meter. 

Effects of Heat on Magnets. 

When the heat applied to a steel 
magnet is moderate — when, c.p., it 
does not exceed that of boiling water 
— part of the magnetism which had 
disappeared on the increase of tem- 
perature reappears when the original 
temperature is restored. It follows 
from this that heat produces two 
effects, which (in the present state 
of our knowledge) must be considered 
as distinct. 

Like mechanical action, it per- 
manently destroys a portion of tlie 
existing magnetism by enabling the 
two magnetisms wliich had been 
separated in each molecule to re- 
combine. And, on the other hand, 
it renders latent, or neutralises, 


another portion of the same mag- 
netism, which portion reappears 
again when the temj)erature is re- 
duced to its orimnal state. 

This two-fold operation of heat, 
altliough fully recognised as a fact, 
has not been sufficiently considered 
in reference to the cause. There 
seems reason to believe that tlietw’O 
effects, so dissimilar in their condi- 
tions, are, in fact, referable to dis- 
tinct causes ; arul that while the 
permanent loss of magnetism is a 
dynamical effect due to the mole- 
cular movement in which heat is 
known to consist, the recoverable 
portion is probably to be ascribed to 
tlic dilatation of the body and to the 
diminution of the reciprocal action 
of the magnetic elements consequent 
upon their increased distance. — 
Ti'cutm'on MatjmilHiu, by H. Lloyd, 
D. D., D.O.L., I’rovost of Trinity 
College, Dublin. 

Magnetic Rotatory Polari- 
sation. — M. 11. Leequerel. — It has 
long been noticed that strongly 
refractive bodies liavc generally also 
a great# magnetic rotatory power. 
H. Becquerel iinds that many bodies 
present a regular increase of lotatiou 
as the index of refraction augments. 
Tlie exceptions may be attributed 
either to the effects of lamellar 
polarisation, as in tlie diamond and 
garnet ; or to the jireseiice of mag- 
netic bodies ; or to some unknown 
causes. - - Co m Jic luins. 

Magnetism of Railways. — 
M. Heyl says : I have observed that 
all the rails are transformed at their 
extremities, after they have been 
placed in position a few days, into 
powerful magnets, caj)ablc of at- 
tracting and of retaining a key or 
even a heavier jnece of metallic iron. 
These rails preserve their magnetism 
even after they have been removed, 
but lo.se it gradually. When in 
])Osition, however, the magnetism is 
latent, only becoming free when the 
chairs are removed and disappearing 
again when they are replaced. Hence 
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it is necessary to assume that two 
opposite poles come together at each 
junction, and that each rail is a 
magnet, the poles being alternately 
reversed throughout the line. This 
production of magnetism in the rails 
examined, is uudo\ibtedly attribu- 
table to the running of the trains 
and to the shocks, frictions, kc., 
thereby produced. The hypothesis 
of electric currents, induced or 
direct, is negatived by experiments 
made with suitable apparatus. Tt 
is posail.)le that the magnetic cur- 
rents are stronger at the moment of 
the passage oC the trains than eiilicr 
before or after. 

magneto - Chemical Pheno- 
mena Produced in Rarefied 
Gases in Geissler’s Tubes Illu- 
minated by means of In- 
duction Currents. — J. Cdiautard 
( Com ptm ). — In all the simjdc 

bodies of the chlorine group, and in 
all their derivative compounds, gas- 
eous or volatile, which have been 
examined, iho action of the magnet 
is instantiineous, and is shown— not 
merely l)y a change in the tint of tlie 
tube— but, above al], by a more 
complete illumination of the rays 
which display a wonderful brilliancy, 
and are sometimes split up. The 
substances examined, besides clilo- 
rine, bromine, and iodine, are the 
cliloride, bromide, and Huorido of 
silicium, the fluoride of boron, hydro- 
chloric acid, antimony chloride, bis- 
muth chloride, mercurous chloride, 
►and stannous and stannic chlorides. 
The lights of sulphur and of selenium 
are completely extinguished the 
moment when the magnet is set in 
action, and it is the same with that 
of tubes of chlorine, bromine, and 
iodine if the strength of the coil is 
sufficient. The lustre of the light 
of oxygen, always pale, undergoes 
no very sensible change. It is the 
stuoie with the compounds of carbon, 
such as carbonic acid and oxide, 
proto- and bi* carbide of hydrogen. 
The hue bands of the nitrogen spec- 


trum are merely modified in the red 
and orange portion. TJic bands of 
the more refrangible portion remain 
unaltered. The rays of hydrogen 
preserve the same appearance ; yet, 
on employing an clectro-uiagnet of 
sufficient strength, we see api)ear at 
the moment when it is set in action 
a very brill iant yellow ray, which is 
merely that of sodium derived from 
the glass. This ray vanishes as sooti 
as the circuit is broken, and re- 
appears if the magnetisation is re- 
sumed. Proto -chloride of tin, dry 
and crystalline, but bibydrated, 
presents a most remarkable pheno- 
menon of dissociation under the 
influence of tlio magnet. In its 
normal state the spectrum is pale, 
and presents some of the green rays 
of chlorine ; but as the magnet is set 
in action we see two of the charac- 
teristic rays of hydrogen, the red 
and the blue, which remain as long 
as the magnetisation lasts, and dis- 
appears when it ceases. 

A (Unsslcr tube with a straight 
constricted portion is placed between 
tlic poles of a magnet, at a short 
distance from tlie slit of a spectro- 
scope, and a micrometer is arranged, 
so adjusted to tlio Fraunhofer lines 
as to allow the wave lengths of tlio 
different colours to bo read off with 
facility. A second S})cctriim of the 
gas employed, in a tube not affected 
by the magnet, is also brought into 
the field for comparison. The elec- 
tric discharge is produced either with 
a coil or aHoltz machine. — Academy, 
Coruptes RenduSf Chemical News, 

On Magnetism. — M. J. M, 
Gaugain. — M. Elias {Poggendorf 
Annalen') refers to a process of mag- 
netisation which consists in heating 
a bar of iron to redness, suspending 
it from a pole of an electro-magnet, 
and letting it cool in that position. 
“This method,” he continues, “as 
everyone knows, is without results.” 
The author has tried this process, 
and considers that in certain cases 
it proves successful.j 
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Magnetic Ferric Oxide from 
Meteoric Iron. — L. Smith, 
iComptes Jflendus ), — Hydrated arti- 
ficial seaquioxide of iron, dried at 
a high temperature, is slightly at- 
tracted by the magn(3t, but loses 
this property if heated to redness (H* 
beyond. Sesquioxidc of iron, pre- 
pared in the ordinary manner from 
a solution of meteoric iron, and 
dried at a low temperatures l)ehavcs 
like ordinary oxide, with this ditler- 
ence — that it becomes decidedly 
magnetic on being lieated from 400 ’ 
C. to redness. Sos(puo\ide of ordi- 
nary iron, mixed wit!) nickel or 
cobalt, or witli both, manifests mag- 
netic properties identical with those 
of ordinary iron. Sesquioxidc of 
iron prepared from meteoric iron, 
entirely free from traces of nickel 
or cobalt, behaves with the magnet 
like the ordinary sescjiiioxide. 
Sesqnioxide ])roduced from a solu- 
tion of oxide mixed with copper, 
behaves like oxide ]3repared from 
meteoric iron. Sesqnioxide of iron, 
mixed with manganese, gold, plati- 
num, zinc, or cadmium, does not 
difler in its magnetic reactions from 
pure iron. 

Auroral and Magnetic Phe- 
nomena of Nova Zemhla. — 
Herr Weyprccht, the leader of the 
Austro-Hungarian Polar expedition, 
says, no pen or pencil can give any 
idea of the beauty of tlie nortliern 
lights at their greatest intensity. 
In February, 1874, the auroral dis- 
charge made a broad powerful 
stream of fire from west to east 
across the zenith, varied by con- 
tinuous and intense swift-moving 
waves of rainbow-coloured light 
from one side of the horizon to the 
other. The lights also danced up 
from the southern horizon to the 
magnetic pole, making altogether 
the most splendid firework nature 
could display. Three kinds of 
aurora were noticed : one a quiet 
regular arch, stretching upwards 
from the southern horizon over the 


zenith, and growing pale on the 
northern horizon. Another, con- 
sisting of more distant light bands 
continually changing their position 
and shape, and composed either of 
distinct rays, or ditlerent light ; 
and, lastly, the appearance of a 
cornua, witli rays streaming from, 
or towards, the magnetic pole. This 
is usually while with a slight tinge 
of greeu, and in cases of great in- 
tensity and motion, rays of piHS- 
matic colours, often very bright, 
shoot forth. Strong Ihimiug exhi- 
bitions wore usually followed by 
storms. 

M agnetic disturbances were closely 
associated with the ijheiiomena. 
Tliese have still to l)e reduced ; the 
princij^al results of ,3000 readings of 
magnetic, instruments were as fol- 
lows : — Magnetic storms are of 
extraordinary magnitude and fre- 
quency in that region. They stand 
in tlie closest relation to tlie auroral 
discharges, and tlie disturbances 
are greater as the motions of the 
light streams become more lively, 
and the prismatic colours become 
more intense. Quiet regular arches, 
or ray motions, have scarcely any 
action upon the needle. In all dis- 
turbances the declination needle 
moved towaiala the east. — Avadewy, 

Magnetic dust in the Atmo- 
j sphere. — A. E. Kordonskiuld {Poy- 
I ffimlorff Ammlen ). — The author has 
found in the snow which falls 
I arouuil Stockholm, metallic par- 
ticles which are attracted by the 
magnet, and give the reactions of 
iron. Snow from the icebergs near 
Parry’s Island, in SO"" N. L., was 
found to contain similar particles. 
Analogous particles were detected 
in hailstones at Stockholm. These 
and other observations now estab- 
lish the fact of the existence in the 
atmospliere of a dust containing 
iron, nickel, cobalt, phosphoric acid, 
and carbon. May not this have 
some relation with the shooting 
star-showers, aurorte, &c. ? 
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J, H. Groneman advances the 
theory that the a\irora borealis may 
be due to meteoric fragments and 
dust circulating around the sun, 
which, on entering our atniosi>hcrc 
become iTicaudesceut by friction, 
and appear either as shooting-stars 
or as an aurora. Tliis cosmical 
matter being composed, according 
to the author’s view, for tlio most 
part of magnetic substaiic.i's, such 
as iron and nickel, when it ap- 
proaches the cartli is brought under 
the induencc of terrestrial magnet- 
ism, and takes the direction of 
magnetic lines representing the rays 
of the aurora. The auroral bamls 
occasionally observed perpendicular 
to the meridian, he supposes to re- 
sult from cosmical particles com- 
posed of diamagnetic matter. 

Magnetic Alloy of Plati- 
num. — Certain specimens of native 
platinum cxintaiuing iron not only 
act on the magnetic needle, but ex- 
hibit decided polarity. M. Dauhn^ 
has found that by fusing })latinum 
with iron in various 
alloys arc obtained wbich bchavc 
exactly like the native Eisenidatiu. 
One of these artilicially-formod 
alloys, which exhibited strong mag- 
netic polarity, contained 8*1 '05 per 
cent, of ^)latinum, and 10 '87 of 
iron. 

Electro-Capillary Actions. — 
M. Bectjucrel {Com}>fCff Brndun) oh 
serves that among tlie physico- 
chemical forces influencing organic 
functions, the electro - capillary 
forces are the most important, and 
that in order to produce them no- 
thing more is reipiircd than per- 
meable tissues separating two 
liquids of different natures, which 
find in the organism the conditions 
necessary for their production. Ar- 
terial blood leaving the left auricle 
of the heart, before becoming venous 
blood, traverses capillary vessels 
which bring it in contact with 
muscles covered with exuded liquids. 
Electro-capillary actions are thus 


excited, subserving to their nutri- 
tion and growth. In a series of 
experiments, arterial and venous 
blood were brought into contact 
with various liquids, such as bile, 
urine, Avinc, grape-juice, and sugar 
.solution charged with carbonic acid, 
and bo til were found negative iu 
relation to the liquids ; and it may 
be supposed that the same thing 
occurs when arterial blood in the 
capillaries comes in contact with 
the liquid exuded by muscles. The 
direction of the electro -capillary 
currents is such that the interior 
walls of the capillaries are the posi- 
tive electrodes of couples function- 
ing as cbeniical forces, and their 
exterior walls negative electrodes. 
There is tlms oxidation in the inte- 
rior of the capillaries, and reduction 
on tho side of the muscles. The 
interior of a muscle is usually nega- 
twe ill relation to tho fluids that 
moisten its external surface : the 
electro- capillary currents proceed 
from the inside outwards, and this 
direction gives oxidation within and 
reduction without. 

In fruits, sucli as grapes, apples, 
pears, and iu roots, as potatoes, 
carrots, and turnips, there are 
similar electro -capillary currents. 
In contact with water, tho interior 
parts are constantly fouiKl to be 
positive. Thus, when fruits are 
moistened, their interior layers next 
to the external tissues tend to cease- 
less oxidation ; salt Avater produces 
oiiposite effects. 

Before electro-cajiilLary currents 
were known, it vv\as supposed that 
in transmitting an electric current, 
for medical purposes, into the in- 
terior of an organised body, no 
electro-chemical action would ensue 
unless solid bodies, such as wires, 
conducted the electricity, and s^veil 
as electrodes. Now, however, it is 
known that an infinitely thin layer 
of liquid adhering to the walls of a 
permeable tissue behaves like a 
metallic him in electro-chemical 
r 2 
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decompositions, and wo may con- 
ceive such actions taking place in 
organisms, and producing very com- 
plicated results. 

M. Becqucrel thinks that the 
electro-capillary forces play the 
greatest part in organic beings. 
These forces require for their j)ro- 
duction merely pernica1)lc tissues 
separating two li(]uids of different 
natures, and find, consequently, in 
the organism the conditions neces- 
sary for their origin. Their exist- 
ence, direction, and intensity are 
easily proved. The author found 
arterial blood negative witli venous 
blood. 

Desirous of ascertaining the phy- 
sico-chemical action exerted by 
water and salt-water iqion tuljers 
and fruits, the author made several 
series of experiments, whicli led to 
the following results: — Water is 
constantly positive, and the fruit or 
the tuber negative, which indicates 
that tlio electro-capillary currents 
have the effect of oxidising the parts 
under the epidermis or the skin. 
With saline water the result is in- 
verse. We see hence the effects 
which may be produced in living 
bodies by the introduction of dif- 
ferent liquids, effects which should 
bo taken into consideration in the 
application of the physico-chemical 
sciences to medicine. 

, The author has also investigated 
the possibility of augmenting or 
decreasing the intensity of electro- 
capillary action by the aid of the 
current of a battery of several 
elements. Among the bodies exjie- 
rimented ^Tipon was tlie chloride of 
chromium, which yielded an intense 
black deposit. This was found to 
be a hydrated sesquioxide of chro- 
mium ; the black colour is due to 
some peculiar molecular arrange- 
ment, and the crystallisation bolougs 
to the regular system, Perchloride 

iron yielded al io a black crystal- 
line deposit, consisting of hyA'ated 
sesquismphide. Chloride of bis- 


muth also deposited the sulphide of 
the metal. Acetate of lead depo- 
sited metallic lead in a very bril- 
liant state. Nitrate of copp(3fr yielded 
a brilliant deposit of metallic copper 
on the negative surface and crystal- 
line sulphide of copper on the other. 
With the chlorides of gold and of 
zinc no decomposition w as produced. 
The apparatus consisted of a split 
tube containing the solution to be 
experimented upon, and plunged in 
a larger tube containing a solution 
of an alkaline sulphide. The action 
was augmented by means of two 
slips of platinum in connection with 
a l)attery, the positive being im- 
mersed ill the metallic solution, and 
the negative in the snlpliide. 

M. i>ec((uerel has also found 
fluorides of calcium in tubercular 
crystals on the face of a slit with a 
solution of chloride of calcium, sepa- 
rated by tlie slit from a solution of 
fluoride of ammouiuin. On acting 
with the moiiosulphide of sodium 
and nitric acid, the oxygen, which 
has a great affinity for the elements 
of the monosulphide, combines, on 
the one hand with the sulphur, and 
on the other with the sodium, whilst 
hyjxniitric acid is set free. — Aca- 
dany and C/amical Nnr.s\ 

Hydrogenised Iron.—L. Cail- 
Ictet {Comptes y»Vo?dvcv).--Wlien a 
plate of iron is attacked by dilute 
sulphuric acid, the hydrogen is in 
part absorbed by the metal. 

On decomposing, liy means of a 
battery, a neutral solution of chlo- 
ride of iron, with addition of sal- 
ammoniac, metallic iron at the nega- 
tive pole is obtained in the form of 
bright, brittle, mamillary masses 
w'hicli are hard enough to scratch 
glass. This iron, after being washed, 
disengages under w^ater or any other 
liquid, numerous bubbles of pure hy- 
drogen. 

In free air the galvanic iron loses 
only a part of the hydrogen it 
contains. A speoimPen, weighing 
0’90 gr., kept fifteen days in an 
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open' tube, gave, when heated, 18 
cubic centimetres of gas, or more 
than half the quantity wliich it ; 
contained at the moment of its pre- 
aration. If ^ou put a fragment of 
ydrogenised iron into a glass filled 
with water heated to GO"* or 70"* C., 
the liberation of gas becomes tumul- 
tuous, and there is often intense 
crackling. 

The author examined a great 
number of specimens of iron, ob- 
tained in solutions more or less 
dilute, and reduced liy currents of 
different intensity, as to the total 
quantity of gas they contained. 
For this pui-jiGSo the metal was 
heated in the vacuum of a mer- 
cury pump, and the gas given off 
was measured. He found that one 
volume of iron contains from 248 
to 244 volumes of hydrogen. If a 
piece of hydrogenised iron is brought 
near a liame, the hydrogen burns, 
and the metal is sheathed in a light 
flame, similar to that of a wick 
dipped in alcohol. 

AVIien the iron has lost by heat 
the hydrogen it contained, the gas 
cannot be restored to it. Using as 
negative electrode, in a voltameter, 
Ji plate of galvanic iron previously 
heated, the author found hydrogen 
of the decomposed water liberated 
.abundantly on tlie metal ; but the 
plate did not take u]) hydrogen, 
even though the battery wais in 
action several hours. ( lalvanic iron 
can be easily pulverised ; but, after 
Iicatiug, it resumes the usual duc- 
tility of the metal. 

Hydrogen, uniting witli iron, com- 
municates to it a considerable eocr- 
citive force. A platinum wire coated 
with galvanic iron, was placed in 
the axis of a magnetic needle, oscil- 
lating on a pivot, and at a fixed dis- 
tance from one of its extremities. 
4’ho needle, drawn from its position 
of equilil)rium, oscillated tw^enty-six 
times in a minute. The iron having 
been magnetised and replaced at 
the same distance from the needle, 


the latter made forty-two oscilla- 
tions in the same time. Heated to 
a red heat the iron lost its poles. 
When magnetised anew to satura- 
tion, it made the needle oscillate 
only thirty -three times in a minute. 
Supposing that the magnetic forces 
of the iron in these three states were 
to each other as the squares of the 
number of oscillations, and taking 
as unity the magnetic force of hy- 
drogenised iron not magnetised, we 
have, for the magnetised hydro- 
genised iron, 2 ’GOO, and for the iron 
deprived of hydrogen and magne- 
tised 1*610. Thus the presence of 
liydrogen in iron api)ears to modify 
greatly its magnetic properties. 

The various specimens of iron 
examined ]jy the author contained, 
for one gramme of iron, 32*80 cubic 
centimetres of hydrogen, or, for one 
equivalent of iron, 0'950 m*. 

Dissolution of Hydrogen in 
Metals, and Decomposition of 
Water by Iron. — L. Troost and 
}\ Hantefeiiille {Com^^ten Jiendus ). — 
Potassium, sodium, and palladium, 
combine with hydrogen, whilst a 
considerable number of other metals 
merely dissolve this gas. Iron, 
nickel, cobalt, and manganese oflfer 
striking analogies in the manner in 
W’hich they behave with hydrogen 
at diflercnt temperatures. The fa- 
cility witl) which they absorb or 
give oft‘ hydrogen gas depends greatly 
on their physical condition. An 
ingot of pure nickel gave out, in a 
vacuum, at a red heat, one-sixth of 
its volume of hydrogen. Laminte of 
nickel, obtained eloctrolytically, gave 
out forty times their volume. Pul- 
verulent nickel gave up one hundred 
times its volume, and remained pyro- 
I)horic after the escape of the hydro- 
gen. An ingot of cobalt gave iq: 
one-tentJi of its volume ; ekictro- 
lytic laminiB of cobalt thirty-five 
times their volume, and pyrophorn 
cobalt powder one hundred times 
It also remained pyrophoric afteJ 
the loss of the hydrogen. Soft iroj 
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in ingots gives off one-sixtli of its 
volume, and grey cast-iron more 
than the half. Electro! 3 " tic lamina 3 
of iron gave off 260 volumes. In 
fine, it may be said that iron, nickel, 
and cobalt absorb directly hydrogen 
gas, but it cannot be said that com- 
bination ensues, just as hjis been 
already shown in the case of lithium 
and thallium. Finely divided iron 
has a property which is not shared 
by nickel or cobalt : it decomx^oses 
water slowly at common tenij^era- 
tures, and rapidly at lOO'" C. In 
this resxicct iron api^roximates to 
manganese. 

Changes in Iron and Steel 
by the Action of Hydrogen 
and Acids. — W. H. Johnson 
{Nature ). — For a long time it lias 
been well known to ware -drawers, 
that after cleaning iron wire with 
8 ulx)hurio acid tlie metal becomes 
brittle. Further, if a piece of iron 
wire that has been cleaned in sul- 
phuric acid be bent rajiidly to and 
fro till it is broken, and the frac- 
ture be then moistened with the 
tongue, bubbles of gas arise from it, 
causing it to froth. If this same 
wire be left in a dry warm room for 
some days, it will be found to have 
regained its original toughness, ainl 
not to froth when broken and the 
fracture moistened. 

Experiments made by the writer 
during the last three years, have 
shown that hydrochloric, acetic, and 
other acids which give off hydrogen 
by their action on iron, jiroducc the 
same effect, making it probable that 
hydrogen is the cause of the change. 
This Anew is confirmed by collecting 
the gas given off at the surface of 
the iron and burning it, when tlie 
characteristic flame of hydrogen is 
seen. 

Putting the facts togetlier, it 
seems iJrobable that a xiortiou of the 
hydrogen generated l>y the action of 
the acid is occluled, and subse- 
quently given off, either rapidly, as 
when the iron is heated by the 


effort of breaking it, or, more slowly, 
in the cold. 

The simplest way of charging a 
piece of iron with hydrogen, is by 
la 3 dng it on a sheet of zinc in a 
basin of dilute sulphuric acid. An 
electric current is here set up, and 
the hydrogen generated by the ac- 
tion of the acid on the zinc is given 
off' at the surface of the iron. In 
this way two minutes or even less 
will often suffice to charge a piece 
of iron with hydrogen, and alter its 
X>roperties as completely as one 
hour’s immersion in dilute acid 
without the zinc. 

J’iie change in the properties of 
iron which has occluded hydrogen 
is not confined to a diminution of 
toughness, though this may he re- 
duced to one-fourth, hut is accom- 
jDanied by a remarkable decrease in 
tensile strain, amounting in cast 
steel to ujiwai’ds of tw enty per cent, 
after tw^elvc hours’ immersion in 
suljihuric acid. Witli iron wire the 
decrease in tensile strain was found 
to be less than with steel ; the re- 
duction amounted however in some 
cases to six x^cr cent. Some inte- 
resting differences are noticeable in 
the relative cfl'ect of occluded hy- 
drogen on mild steel and highly 
carbonised steel, the diminution of 
tensile strain after occlusion of hy- 
drogen being greater in the latter 
case than in the former. 

As with jjalladium, so with 
iron, the electrical resistance is in- 
creased by occlusion of hydrogen ; 
in fact, it seems x^robablc that every 
X^rox^erty of iron or steel undergoes 
a change after the occlusion of 113 ^- 
drogen, and the extent of this 
change becomes a matter of great 
interest to tiie engineer now that 
iron and steel are so largely used. 

Crises of the deterioration in 
toughness of iron 6i excellent 
cxuality exposed to the action of gas 
containing acid, as in the upcast 
shaft of a coal-pit, have come before 
the writepB notice, in w^hich the 
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change appeared to have resulted 
more from liydrogen occluded by 
the iron than its corrosion by the 
acid vapours. It is also probable 
that rapidly rusting iron occludes 
hydrogen, and is thereby weakened 
in strength and toughness. 

That hydrogen is the sole cause 
of these changes produced in iron. 
Is shown by the fact that if acids 
be dispensed with altogether, and 
pieces of iron be subjected to the 
action of nascent hydrogen (pro- 
duced by the electrolj^sis of water 
or caustic soda), the same results 
are ohtaiucd. Hydrogen was not 
occluded in iron by leaving it in an 
atmosphere of hydrogen gas. 

Hydrogenized Palladium, 
Kickel, and Zinc.— K. Bdttgcr 
(Bihl. Urdo, dc (Jancre) finds that 
palladium, coated with palladium- 
black, is much more rapidly saturated 
with hydrogen than the naked metal. 
If, wlien thus saturated it is wrapped 
in giiu-cottou, after a few seconds an 
explosion ensues, and the palladium 
plate burns for a short time witli a 
feeble dame. He also finds that 
nickel, zinc, and cobalt, likewise 
absorb electrolytic hydrogen. 

Adhesion. — Herr »Stcfau, of 
Vienna {Kaiurc ). — It is w'oll known 
that two plane plates which are 
placed upon one another adhere to- 
gether so firmly that they can only 
be separated by a certain amount of 
force. This phenomenon has hitlicrto 
been considered as caused by the 
ardion of molecular forces between 
the particles in contact between tlic 
two plates, and it was tried to de- 
termine the magnitude of this ad- 
hesion statically. 

The improbability of this conce]>- 
tion already follows from tlic fact 
that no immediate contact of the 
two plates takes place, but that 
between them there is a layer of air 
of considerable thickness. If two 
glass plates arc em[>loyod for this 
experiment, they do not show New- 
ton’s coloured rings ; these can only 


be produced with plates that are 
perfectly plane, and with the appli- 
cation of considerable pressure. If, 
therefore, molecular forces were 
active in this case between the 
particles of the two plates, then the 
molecular sphere of action would 
have to be very much larger than 
is generally adopted according to 
other experiments. The phenome- 
non becomes still more striking if 
the exx)eriment is made under water. 
Ill that case an attraction in the 
two plates can be perceived, even if 
they are a millimetre apart. Herr 
vStefan used for his experiments two 
plates of glass, of which one was 
suspended from a balance in such a 
manner that its inferior plane was 
liorizontal. The balance w^as then 
brought to equilibrium. The second 
])latc was also placed horizontally 
under the other one. Tiiree little 
pieces of wire were tlien placed 
upon it, and the upper plate was 
then let down so far as to rest upon 
these pieces of wire. By varying 
the thicknesses of the wires, the 
<listancc of the two plates could be 
brought to any desired magnitude. 
’1*0 tear away the upper plate from 
tlie under one, it was necessary to 
place a certain over-weight into the 
other scale of the balance. 

It was found that the separation 
of the two plates can be accom* 
])lished by any force, however small, 
but the time in which the distance 
of the plates is increased by a cer- 
tain fraction through tlie action of 
such a force, is all the greater the 
smaller this force is. This time is 
still greater if the two plates are in 
water or in another licpiid, instead 
of ill air. give an idea of this 
we may mention that the distance 
of two plates, of 155 millimetres 
diameter, under water, which origi- 
nally was OT mm., was iucroalbd ic 
consoipicnce of the continuous pu! 
of 1 gramme by O’Ol mm. oul^ ii 
14 minutes, 1 by OT mm. only m ' 
minutes. 
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The phenomenon can be explained 
in the following manner : — When the 
separating force begins to act, the 
distance of the plates is increased 
by an infinitely small part. The 
space contained between the plates 
is thus enlarged, the liquid therein 
contained is dilated, and consc' 
quently its hydrostatic pressure de- 
creased. The over-pressure of the 
exterior liquid acts against the 
separating force. No e(xuilibrium 
is, however, attaiued, because the 
decrease of hydrostatic f)ressure be- 
tween the x^lates causes au iullow 
of the exterior liquid, aud thus a 
decrease of the diil'erence of x)res- 
Eure. The distance of x^hdes may 
be again increased by the sex>arating 
force, aud then the same x>rocess is 
repeated in a continuous manner. 

Herr Stefan has therefore .given 
the name of aiqjareut adhesion to 
this phenomenon. 

On the Action of Bain to 
Calm the Sea. — iTofessor Os- 
borne {Lit. and Phil, Soc., Man- 
cheater ), — There ai)X)oars to be a very 
general belief amongst sailors that 
rain tends to calm tlic sea, or, as 1 
have often heard it cxx3ressed, that 
rain soou knocks down tl«c sea. 
Without attaching very much weight 
t3 this general iinx^ression, my ob- 
ject in this paper is to X)oint out an 
etfect of rain on falling into water 
which I believe has not been hitherto 
noticed, and which would certainly 
tend to destroy any wave-motion 
there might be in the water. When 
a drop of rain falls on to water, the 
8x>lasn or rebound is visible enough, 
as are also the waves which diverge 
from the point of contact ; but the 
effect caused by the droxi under the 
Eurfacc is not axq^arent, because, 
the water being all of the same 
colour, there is nothing to show the 
interchange of place which may be 
going on. There is, however, a 
very considerable effect produced. 
If instead of a di op of rain wo let 
fall a drop of coloured water, or, 


better still, if we colour the top- 
most layer of the water, this effect 
becomes apparent. We then see 
that each drop sends down one or 
more masses of coloured water in 
the form of vortex rings. These 
rings descend with a gradually di- 
minishing velocity, and with in- 
creasing size, to a distance of several 
inches, generally as much as eigh- 
teen, below the surface. The actual 
size of these rings dex^ends ou the 
size aud sx)eed of the drox^s. They 
steadily increase as they descend, 
and before they stox") they have 
generally attaiued a diameter of 
from one to two inches, or even 
more. It is x>i*obal>le that the mo- 
mentum of tlicse rings corresponds 
very nearly with that of the drops 
])efore inix^act, so that when rain is 
falling ou to water there is as much 
motion immediately beneath the 
surface as above it, only the drops, 
so to sx^eak, are much larger, and 
their motion is slower. Besides the 
sx>lash, therefore, aud surface effect 
which the droxis produce, they cause 
the water at the surface rapidly to 
change places with that at some 
distance lielow. Such a transposi- 
tion of water from one place to 
another must tend to destroy wave 
motion. 

Elasticity of the Air. — Mr. 
Braham exlxiliited au experiment at 
the Chemical Society recently, in 
which he exhausted a glass receiver ; 
and after allowing the air to re-enter 
through a large opening until equi- 
librium was restored, the opening 
was closed, and the vessel connected 
with a pressure gauge. In the course 
of a niiuute the mercury had risen 
through the space of au inch. A 
converse cxxierimeut was made by 
X)umping air into a glass vessel, 
allowing it to cscaxje, aud then 
closing the oxiening. In a short 
time there was au appreciable pires- 
sure within the vessel. 

Demonstration of the Laws 
of Gravitation,— M. Waldner, of 
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Strasbtirg,’ describes in P6r/gen- 
dorff's Annalen, his mode of demon- 
strating the laws relating to falling 
bodies. One of his arrangements is 
as follows : —Suppose a small me- 
tallic ball hung by a string some 
height above the ground. Under 
it, at a distance (say) = 1, are a 
pair of metallic balls connected with 
the poles of an electrical machine, 
and so far ajiart that no spark can 
pass, but so near, that through the 
fall of the suspended ball between 
them a spark will pass. Vertically, 
under this pair, are several other 
pairs, similarly arranged, at ebs- 
tances — 4, tlieu 9, <!tc., all con- 
nected with the electrical machine, 
and in the same circuit. On ])iirn- 
ing the thread of the suspended ball, 
this falls between the others under 
it, giving passage, at each ]>air, to 
the current ; and a simultaneous 
spark in another part of the cir- 
cuit makes a mark, for each pair 
of balls, on a rotating blackened 
cylinder or disc. The intervals 
between the marks are found to bo 
c(iual. 

Diffusion through Soap 
Bubbles. — G. 0, Midler (Ber. 
Dmisch. Cham. CesdUchaft). — The 
author employed a glass tube bent 
at a right angle, and furnished with 
a small rim to give the soap-bii}>blc 
a better hold upon the glass. He 
blew the bubble witli air from his 
mouth through au india-rubber 
tube, which lie closed when it was 
finished. The tulio conveying the 
bubble was then placed imder a jar 
containing hydrogen, and removed 
after thirty seconds, when it was 
found to explode witli a yellow 
light on exposure to a llamo. 

Motor Forces of the Future. 
— {Bosiott Journal oj' (JiamUlnj ). — 
Klectrical engines of various forms 
have been devised, but uufortunately 
zinc is a costlier fuel than coal, and 
the battery or other means of sup- 
plying the electric force is yet to be 
luvouted that can be an economical 


substitute on a large scale for the 
steam-boiler. 

Another probable motor of the 
future is solar heat, which science 
has shown to be the source, direct 
or indirect, of all terrestrial energy. 
We may confidently expect that 
some small fraction at least of the 
vast amount of solar force that now 
runs to waste, so to speak, will be 
made availalde for jmrposes of 
human industry. It has been cal- 
culated that the earth receives from 
the sun, every miuute, 2,247 billious 
of units of iieat, each unit being 
c(|uivalent to 772 foot-poiinds, or 
the force that will raise a pound to 
the lieigiit of one foot, John Erics- 
son is one of those who are en- 
deavouring to devise some moans of 
utilising a portion of this enormous 
energy. 

Another inventor, at work on the 
.same prol)lem, is JNlr. Jicigh, a Ger- 
man engineer. He proposes the 
following construction for a solar 
engine : Conceive a vessel filled with 
sxdphurous acid, and exposed to the 
sun’s rays. The tension of the sul- 
phurous acid vapour, if the tem- 
perature of this vessel exceeds that 
of the surrounding air by at least 
10’ to 20' C., must be from one to 
three atmospheres higher thau that 
of the sulphurous acid vapour in 
another vessel, B, similarly filled 
with sulphurous acid, but which has 
only the temperature of the sur- 
rouudiug air. We can thus arrange 
an engine which agrees perfectly 
in ju'iuciplc witli the steam-engine, 
with merely the diU'erouco in detail 
that the water is replaced by sul- 
phurouB acid, and the fuel by the 
solar heat ; while the vessel exposed 
to the sun’s rays represents the 
steam-boiler, the vessel kept at the 
ordinary temi)o’ aturc may repres^t 
the condenser. The sulphurous acid 
condensed, after doing work in vessel 
B, could at night be driven back by 
a force pump into the vessel A, 
which represents the boiler. The 
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capability of work which such a 
machine will possess will, of course, 
increase the amount of heat com- 
municated to the vapour generator 
A ; or will be proportions to ^he 
vaporising surface which it exposes 
to the solar rays. In applying this 
construction in practice, Bergh pro- 
poses that the roof of a factory or 
workshop shall be covered with 
vessels containing sulphurous acid, 
the other parts of the sun macliiue 
being disposed as may be found most 
convenient. 

Under such circumstances the en- 
gine would work while there was 
sunshine, but in cloudy weather tlie 
establishment would })e binught to 
a standstill. To obviate this diffi- 
culty, there might be, in addition to 
the sun-macliine, an apparatus for 
“storing up” a portion of the work 


done by the former. For tliis pur- 
pose !Natterer’s well-known appar- 
atus for liquefying carbonic acid is 
suggested. A supply of carbonic 
acid could be kept in a large gaso- 
meter, like those of tlie gas-works, 
from which the Natterer apparatus 
could be fed. In a wrought-iron 
vessel, thus filled with liquid car- 
bonic acid, an enormous amount of 
mechanical energy could be stored 
up, which miglit be made to replace 
either wdioUy or in part the action 
of the solar heat in the sun-machine. 

There is certainly nothing in the 
X)lan here proposed that is imprac- 
ticable, and therefore there is one 
form of sun -engine capable of con- 
tinuous action, by appropriate de- 
vices, that can be made available in 
many portions of the world. 
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Kiver Pollution. — Professor 
Praukland, (Royal Institution). — 
Tlic great mass of polluting matter 
wliieli is being discharged into rivers 
and streams, may be classified into 
organic and mineral. Under the 
head of organic matter \vc liave, first, 
town drainage ; second, drainage 
from the various forms of fibre 
manufacture, such as jjaper-makiug, 
the calico, woollen, linen and jute 
industries, andtlie silk manufacture. 
Under the head of mineral matter 
we have, first, mine pollution, or 
liquids discharged from mines ; and, i 
second, drainage from chemical ' 
works. 

As examples of rivers intensely 
polluted by each of the above forms 
of matter may be mentioned the 
Clyde, -which flows througli Glas- 
gow, as strongly iiollutcd by town 
drainage ; Dighty I him, near Dun- 
dee, Viy filire manufacture ; Hod 
Ptiver, at Gwythian, Cornwall, by 
tin mines ; and the Sankey Brook, 
which flows througli St. Helens, is 
a fair example of pollution by die- 
mical works. 

Polluting matter of organic origin 
presents itself in water in solution 
and suspension, whereas mineral 
polluting matter is nearly always 
present in a state of siispeusioii, and 
on account of its greater specific 
gravity will, if allowed sufficient 
time, subside of its own accord. 
This is not the case with organic 
matter, to get rid of which other 
means have to be resorted to. 

"JTie Thames may be taken as an 
example of organic pollution. At 
its source it is a comparatively pure 
river. It receives polluting matters 
from paper factories, and from the 
drainage of 600,000 people, in ite 


course before it reaches Hampton, 
and yet it still looks a comparatively 
clear and pure river. This is owing 
to the deceptive nature of the pol- 
luting matter, which is principally 
organic, and in solution, and is 
therefore scarcely discernible by the 
unaided senses. If, liowever, it be 
followed ill its course down to Lon- 
don Bridge its pollution becomes 
apparently greatly augmented, but 
the organic matter in solution is 
scarcely pcrco]>tibly greater at Lou- 
[lon Bridge tliau at Hampton. In 
short, were the w-ater iiltered from 
the suspended mud stirred up by 
the steamers and currents, it woulcl, 
chemically S])eakiug, be nearly as 
pure at London Jhidge as it is at 
Hampton. 

Another case is tlic Aire, whicli 
rises in Yorkshire, a very clear and 
beautiful river; but before it reaches 
Leeds it receives, besides tbo lioiise 
drainage of more than a quarter of 
niilliou of i)eoi)le, the refuse from 
K141 cloth and woollen factories; 1 
silk mill ; 1 flax mill ; 10 cotton 
factories ; 7 paper mills ; 20 tan- 
neries ; 13 chemical works ; 8 grease 
works ; 4 glue works ; 35 dye 
works. 

At Leeds this mass of pollution 
is reinforced liy the drainage of 
300,000 people, and by refuse mate- 
rials from 224 cloth and woollen 
factories ; (>2 dye works ; 6 dye- 
wood mills ; 25 flax mills ; 7 soap 
I W’Orks ; 1 silk mill ; 28 tanneries 
(which tan 2^ million hides an- 
nually) ; 29 clicmical works ; 10 ^ar- 
pet factories ; 3 glue factories. 

The history of the river Calder, 
which joins the Aire lower down, 
is similar. After receiving the 
drainage of all the towns and fac- 
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tories on its banks, its water is 
pumped up for the supply of Wake- 
field. 

The condition of the water may 
be judged of from the fact that a 
local manufacturer was able to write 
and dedicate a memorandum to the 
Local Board of Health with a pen 
dipped in the river water. 

JNow those two rivers — ^the Aire 
and Calder— the one running from 
Leeds, and the other from Wake- 
field, meet at Oastlcford, and there 
they fall over a high weir. At this 
spot the pollution of the water is 
so great as to blacken the very foam 
on its surface. Yet these streams 
must, at one time, have been cele- 
brated for their cleanliness and 
purity ; otherwise the Avell-known 
comdet would scarcely have been 
written : 

“ Castleford lisscs ina3* well bo fair. 

Washed in the Colder and bathed iii the 
Aire." 

In the neighbourhood of mines 
the amount of mineral matter pre- 
sent iu rivers is sometimes very 
great. Tlie ore and matrikes are 
crushed into an irai)alpablc powder, 
then washed with water to separate 
the heavier metallic matter from the 
rocky matter. The cflluent water 
from the settling pits is very muddy, 
and often contains poisonous matters 
in suspension. This is especially 
the case in lead mines, where consi- 
derable quantities of galena and 
carbonate of lead, carried down the 
streams during floods, are washed 
on the adjacent land, where cattle 
are grazed. The consequences re- 
sulting from this tlisplay of igno- 
rance and carelessness are, that the 
fanners whose lands arc washed by 
these poison-charged waters sufler 
the loss of cattle and poultry, whilst 
the profits of the mines leak silently 
away. At a lead mine in North iim- 
berl^d nearly 7 tons of lead ore, 
worth \ 2l. per ton, are thrown away 
in every 100 tons of waste material. 
At aaothor miao in the same county 


2 tons of lead ore, and more than 
9 tons of zinc ore, are thrown away 
in every 100 tons of waste. These 
metalliferous muds poison the rivers 
for many miles, carrying destruction 
to anim^ life. Mud containing as 
much as 5, 9, 13, and even 25 per 
cent, of load ore is not uufrequently 
found iu the neighbouring streams. 

Such is the intiable plight to 
which many of our formerly beauti- 
ful rivers have been reduced. 

The methods which have been 
proposed for remedying organic pol- 
lution may be divided into, first, 
methods of precipitation ; and, se- 
condly, methods of oxidation. 

Amongst the methods of purifica- 
tion those by precipitation have 
been most talked about, because 
they are the most easily applied on 
a small scale, and are, therefore, 
more easily made the subjects of 
experiment. One of these is preci- 
pitation by lime. Most drainage 
water contains bicarbonate of lime. 
This is decomposed by slaked lime 
or lime-water, and the resulting 
clialk precipitate lays hold of and 
carries down with it any particles 
of suspended matter that may be in 
the water. But it docs more ; it 
acts by surface attraction, and ac- 
tually takes out of solution some of 
the organic matter which was dis- 
solved in the water. Yet the puri- 
fication by this means is very im- 
perfect as regards the soluble organic 
matter. 

3'liere is, again, the ABC process, 
which consists in i>recipitation by 
means of a mixture of alum, clay, 
and an infinitesimal quantity of 
blood. 

Then we have the sulphate of 
alumina metlmd, or Bird’s process ; 
(lime and clay), or Scott’s process ; 
(lime and chloride of iron, and super- 
pliosijhate of alumina and slaked 
lime). All these methods have 
failed to achieve the end in view. 

They have all had their origin in 
two erroneous ideas. First, that 
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'the foul matter in sewage can be 
removed by chemical means ; and, 
secondly, that the matter actually 
thrown dowu or precipitated is 
valuable as nirinuro. Tn every case 
in which it has been tried the preci- 
pitated matter is not worth the 
carriage for more than a mile or 
two, so that it is practically woith- 
less. In fact, the manuring con- 
stituent of this foul drainage is loft 
almost intact in solution. 

Purifying material in each case is 
manufactured at gi’cat cost, and is 
laboriously carried to tlic sewage, 
and hshed out again and dried at 
still greater trouble and expense. 
This, however, would become of 
secondaiy importance if the end de- 
sired were accomplished. But this 
is not the case ; — tlic foul licjiiids 
are not cleansed. These purifying 
materials, chalk, alumina, and oxide 
of iron, and other porous substances 
exist, however, naturally iu all 
porous soils, aud scw’agc Avill run to 
them by its own gravity. Tliese 
materials are capable of removing 
nearly tlie whole of the polluting 
matter hroug])t into contact with 
them. We arc tlms led, hy a pro- 
cess of scientific induction, to jniri- 
fication l)y irrigation. Foul drainage 
is, iu irrigation, mix(Ml with vast 
quantities of soil, which, by surface 
attraction (not by chemical athuity), 
remove from it its polluting matter, 
and the roots of growing plants 
ramifying tli rough the soil gather 
up and transform the polluting ma- 
terials into healthy living tissues, 
thus preventing the pores of the 
sod from getting clogged aud con- 
sequently- useless for purposes of 
purification. 

No one Aositing Aldershot Camp 
can fail to be struck with the 
emerald tint of the irrigated land, 
contrasting as it does with the sterile 
sod around it. Upon the land used 
for the purpose of purification by 
irrigation, every variety of crop can 
be growB, and at the Barking farm 


we can actually realise in the sum- 
mer season the drainage of London 
transformed into strawberries and 
cream. 

For the purpose of irrigation, one 
aero of land is I'ci^uisite for every 
hundred persons contributing to the 
drainage, and, when properly con- 
ducted, there is no nuisance. The 
only draw'hack to irrigation is the 
difficulty of olitaining sufficient laud 
suitable for carrying on the process 
near large towns. This led to the 
experiment of making a given area 
of land do more work. After con- 
tinuous filtration, however, tlie pores 
of tiie soil became clogged up, and 
the efilueut water conse(picntly not 
purified. Tlie Commissioners there- 
fore, av^ailed themselves of a well 
known property of porous matter, 
its attraction for gases, especially 
for atmospheric oxygen, and the 
great cliemical affinity of this oxygen 
for organic matter. They were 
sanguine enough to hope that this 
property miglit be possessed by 
porous earth, to a sufficient extent 
to cause the slow but complete com- 
bustioii of foul drainage matters. 

Their expectation was not disap- 
pointed ; exj)eriments made on the 
large scale at MorthyrT'ydvil, showed 
that by bringing air and drainage 
water alternately in contact with 
the soil, rapid, eoutinnous, and satis- 
factory piuifi cation was obtained. 
Indeed, the cllluent water from the 
Merthyr drainage subjected to this 
process of purification is, chemically, 
purer than the water supplied by 
some of the London water com- 
panies. 

This process is ccpially applicable 
to the discharges from fibre factories 
of various kinds. It has been car- 
ried out for three years at Merthyr 
Tydvil, 'where the drainage fro^ 
each 8000 people has been cleansed 
upon a single acre of land. Crops 
may be also grown upon the land so 
used. 

For miiuog pollution the remedy 
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tories on its banks, its water is 
pumped up for the supply of Wake- 
held. 

The condition of the water may 
be judged of from the fact that a 
local manufacturer was able to write 
and dedicate a memorandiiiii to the 
Local l^oard of KealtlL with a pen 
dipped in the river water. 

Now these two rivers — the Aire 
and Caldcr — tlic one running from 
Leeds, and the otlier from Wakc- 
tield, meet at Lastlefoid, and there 
they fall over a high weir. At this 
spot the pollution of the water is 
so great as to blacken tlic very foam 
on its surface. Yet these streams 
must, at one time, have been cele- 
brated for their cleanliness and 
]>urity; otlierwisc the well kjiown 
cou[)let would scarcely have been 
written : 

“ ('.istlefcnl la - may wa-li la' f.iii-, 
AVu.slicil in tlic Caldur and bathed in the 
Aire.’' 

Tn the neighhourhood of mines 
the amount ol mineral matter ])re- 
sent in rivers is sometimes very 
great. 'J'lie ore and matri.kes are 
crushed into an impalpable junvder, 
then washeit with vater to ,se})arate 
the heavier metallic matter fj’om the 
rocky matter. The elHiient water 
from the settling ])its is very muddy, 
and often eontaiiis ]>oisoiH)us inatter.s 
ill susiicnsiou. Tliis is especially 
the case in lead mines, where consi- 
derable (juaiitities of galena and 
carbonate of lead, carried down the 
streams during Hoods, are washed 
on the adjacent land, where cattle 
are gi-azed. The eonsei|ueiiees re- 
sulting from this dis]>lay id’ igno 
ranee and carelessness are, that tlie 
farmers Avhose lands are washeil l»y 
tlnise ])oison- charged waters siifli'j- 
tile loss of eattle and poultry, wJiilst 
the pi’oiits of the mines leak sileutiy 
away. At a lead mine in Nortliiim-^ 
berlaiid nearly 7 tons of lead ore, 
worth J2/. ]>er ton, are thrown away 
in every 1 00 tons of waste material. 
At another muic in the same county 


2 tons of lead ore, and more than 
9 tons of zinc ore, are thrown away 
in every 100 tons of waste. These 
metalliferous muds poison the rivers 
for many miles, carryingdestruction 
to animal life. Mud eontaining as 
miieh as f), 9, 13, and even 25 per 
cent, of lead ore is not unfreipiently 
found ill the neiglibouring streams. 

Such is tlie jiitiable pliglit to 
which many of our formerly beauti- 
ful rivers liave been reduced. 

The methods whicli have been 
jiroposcd for remedying organic pol- 
lution may be divided into, lirst, 
methods of precipitation ; and, se- 
condly, mt'tliuils of oxidation. 

Amongst the methods of purifica- 
tion tliose. by precipitation have 
lieeii most talked about, because 
they ai'c the most easily ajiplied on 
a small scale, and are, therefore, 
more easily made the sulijeets of 
experiment. One of these is preei- 
jhtatioii by linn;. Most drainage 
water emitains Ihearbonate of lime. 
3'liis is <leeoni])osed ]>y slaked lime 
or lime-water, and the resulting 
clialk ) )reei])jtate lays hold of and 
eariies down with it any particles 
of suspended matter that may be in 
tlie water. But it does more ; it 
acts by surface attraction, and ac- 
tually takes out of solution some of 
tliii organic matter w'liieli was dis- 
solved in the water. A'et the puri- 
fication ])y this means is very im- 
ptu’fect as regards the soluble organic 
matter. 

I’liere is, again, the A L ( 1 ]»rocess, 
whicli consists in pieeipitatiou by 
means of a mixtiin; of alum, clay, 
and an infinitesimal quantity of 
Idood. 

Tlieii We liaM'. thii sul[)]iate of 
alumina inetliod, or lord's process; 
(lime and elayg oi’ Scott’s proces.s ; 
(lime andeliioride of iioii, aiidsnper- 
phospliate of alumina and slaked 
lime). All tliese metliods have 
failed to achieve the end in view. 

Tliey have all had their origin in 

two erroneous ideas. First, that 
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the foul matter in sewage can bo 
removed by means ; and, 

secondly, that the matt(U' actually 
throw 11 down or ]iri^cipitatcd is 
valuable as manure, lii every ease 
in wliieh it has been tried the preci- 
pitated matter is not wortli the 
carriage for more tliaii a mih^ or 
tvvT), so that it is prat'tieally wortli- 
less. In fact, the manuring con- 
stituent of this foul drainage; is left 
almost intact in solution. 

Purifying material in each ease is 
manufactuied at great cost, ami is 
laboriously carrieil to llie sewage, 
and lished out again and dried at 
still greati'r troulile and (‘Xpi'use. 
This, however, would become of 
secondary imjiortance if the end de- 
sired were aecom))liskcd. Ihit tliis 
is not tlic case the foul liijuids 
arc not cleansed. These ]»nrifying 
materials, clialk, alumina, .and o\ide 
of iron, and otliei' jiorons substances 
exist, howa.'ver, naturally in .all 
porous soils, and sewage will rim to 
them liy its own gravity, d'heso 
materials are capable of n'Uioving 
nearly the wlmle uf the ]>oliuting 
matter brougl it into contact with 
them. AVe ari* thus led, by a pro- 
cess of sciciitifie induetiou, to ]mri 
lieation by in’igntioii. loud di-ain.ige 
is, in irrigation, mixed wath vast 
(piantities of soil, which, by surface 
attraction (not by chemical allinity), i 
remove from it its jiolJiiting mattta-, I 
and the roots of growing jilants I 
ramifying ilirongli tiu; soil gatlu'r | 
np .and transform the polluting ma- 
terials into healthy living tissui's, 
thus ])revcnting the pores of the 
soil from getting clogged .and laiu- 
seijuently useless fur purposes of 
puriheation. 

'No one visiting Aldershot Camp 
can fail to be struck with tlio 
emerald tint of the ii-rig.atcd laud, 
eontrastiim as it does w ith the sterile 
soil around it. Upon the hind used 
for the purpose of purilieatioii liy 
irrigation, evt;ry variety of crop can 
1)0 grown, and at the Earkin, 


wo can actually realise in the sum- 
mer seasou the drainage of London 
tr.ansfornicd into stra wherries and 
cream. 

Por tlic ])Uj pose of irrigation, one 
acre of land is reijuisite foi- every 
liumlred persons contributing to the 
drainage, and, when ]>roperly eini- 
dneted, there is no nuisance. The 
only drawback to inigation is the 
diHiciilty of obtaining sulheient land 
suitable for carrying on the process 
nc.ar large towns. This led to the 
e\])crimcnt of making a given area 
of laml do more work. After con- 
tinuous nitration, how evt'r, the pores 
of the soil heeame clogged u]), and 
tlie elilucnt w ater ennseijuently not 
pnrilied. d'hc Lommissionei’s tliere- 
fore, availed tlieinselv(;s of a well 
known ]>ro]ierty of jiorous matter, 
its .attraction foi- gases, especially 
for atmospluu’ic oxygen, and the 
great eiieinieal allinity of Ibis oxygeu 
for organic m.atter. Tliey wane 
sanguine euongh io hope that this 
projjerty might he jiosscssed by 
I ]K>rous earth, to a su1tie,ient e.xteut 
j to eaiis(‘ the slow’’ hut eoinjdetc eom- 
j hustiou of foul drainage matters. 

I M’lieir e.xpeetatioii wais not <lisa]o 
i ])oiuted ; e\])erinieuts made, on tin; 

I large sc.ale .at A1 erthyrTydvil, show ed 
[ tliat hy hringiiig air and drainage 
■ w'.ater alternately in contact with 
th(‘ soil, r.apid, eoutiuuoiis, .and satis- 
factory purilieatioii wais oldaiiied. 
Indeed, tlie ctlluent watta- from the 
iMei'tliyr draiuagi' sul)jeete<l to this 
process of puritieatiou is, eheiuically, 
] Hirer than the water siij>])lied by 
some of tlie J.oudon water com- 
jianics. 

This |)roce.ss is eijiially applic.able 
to the disehaiges fj om tihia^ factories 
of various kinds. It has licen car- 
ried out for three years .at Merthyr 
Tydvil, wliere the drainage from 
each ,‘1000 ] ICO] lie li.as been cleansed 
upon a single acre of land. Crops 
may be also grown upon the land so 
used. 

For miiiiiig pollution the remedy 
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is exceedingly simple, viz., siibsi* 
donee in properly constructed tanks 
for six hours. The result, though 
not in every case quite satisfaetorv , 
is suflicjciitly so to jirove that the 
amount of mining pollution in many 
of our rivers would, hy its luloption, 
be substantially abolished. 

These plans would be suHi(MCjitly 
eflectivc for the treatment of the 
chief kinds of town, manufacturing, 
and milling drainage. I*»ut it is 
necessary, in iiny legislative enact- 
ment to secure the bettc'r treatment 
of rivers, that tlici'e should be some 
definition of polluting matter. The 
members of the Royal ( 'ominission 
River Pollution have proposed 
after much dclibei'ation the follow- 
ing definitions of polluting li(|uids: — 
(a) Any li<]uid which has not been 
subject to ]>erfect rest in subsidence 
ponds of sulticicnt size, for a period 
of at least six hours, or which, hav- 
ing been so subjected to subsidence, 
contains in suspen.siou more than 
one ]»art l)y weiglit of dry organic 
matter in 100,000 ])arts by weight of 
the liquid ; or which not having 
been so subjeaded to subsideiitH*, 
contains in susjKMisiou more than 
three parts liy weight of <lry mineral 
matter, or one part by veiglit of 
dry organie matter in 100,000 jiarts 
by weight of the liquid. 

(h) Any liquid ciontaining, in solu- 
tion, more than two parts l>y weiglit 
of organie carbon, or three parts 
by weight of organic^ nitrogen 
100,000 jiarts liy weight, 

((') Anylhjuid wliieh shall exhil>it 
by daylight a distinct colour when 
a stratum of it one inch deep i.s 
placed in a white porcelain or earth- 
enware vessel. 

. (d) Any liquid which contains, in 
solution, in 100,000 parts by weight, 
more than two parts by weight of 
any metal, except calcium, magne- 
sium, potassium, and sodium. 

(e) Any liquid which, in';] 00,000 
parts by weight, contains, wlmtlier 
in solution or suspension, in chemi- 


cal combination or otherwise, more 
than *05 part by weiglit of metallic 
arsenic. 

(/) Any liquid which, after acidi- 
licadiou with sulphuric acid, con- 
tains, in 100,000 parts by weight, 
more than one ]>art by weight of 
free chhudne, 

( 5 /) Any liquid vhich contains, 
in 100,000 ])arts by weight, more 
than one i>art by weight of sidplmr, 
in the condition either (d snlphii- 
ri'ttcd hydrogen or of a soluble 
sulphuret. 

(/i) Any li(pnd possessing an 
acidity greater than that whicli is 
produced liy adding two parts by 
weight of real muriatic; acid to R)00 
])arts by weight of distilled water. 

(/) Any liquid jiossessiiig an al- 
kalinity greater than that produced 
by adding one part by weiglit of dry 
caustic soda to 1000 parts liy weight 
of distilled water. 

{/:) Any licjuid exhibiting a film 
of petroleum or hydrocarbon oil upon 
its surface, or containing, in sus- 
])(msion, iu 1 00,000 parts, more than 
*05 part of such oil. 

Of these standards the lii'st two 
are ]>y far the most important -the 
stamlards referring to suspended 
matter, and to the quantity of or- 
ganie carbon and organic nitrogen 
which ought to be allowed to bo 
transferred into streams, 'riiese 
siqiremely iin])ortaiit standards, if 
enforced by ])ro]»(T and judicious 
enactments, giving sullicieut time 
for mainifaeturcrs to carry out im- 
provements ne(;essary for the pnrifi- 
eation i»f foul drainage, would abolish 
fully nine-tenths of all the river 
p(>llutiou by which streams are now 
aU'eeted in Oreat Rriiain. 

To make the rivers pure for drink- 
ing purposes is, perhaps, impossible ; 
but it may reasonably be hoped that 
they may become sufliciently so to 
delight the eye and to repress the 
pestiferous and sickening cxliala- 
tions wliich at present affect the 
multitudes of our population com^ 
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elled to pass their lives on the 
anks of such rivers. 

Arsenic in English Rivers. 
Prof. Fraiiklaud (Times ). — It is a 
wcll-as(;crtaine(l fac.t that 1()5 tons 
of vdiilc arst^nii; are cornpeioiit to 
destroy the lives of uion^ tlian 
500,(H)d,00() of Imuian ])eiiiij;s ; and 
as this (juantily is inanufac.tiired ajid 
sold monthly at one single English 
mine, whence streams of water 
strongly impregnated with ar.senic 
How into a noiglil touring river, tlm 
Jlivers INtllntion ( 'ommissioners ean- 
not he faii'Jy aeensed of I'xeeeding 
their instructions when they reported 
these facts, and recommended that, 
as arsenic is largely used in scvt'ral 
important manufactures, tliough no 
serious impediments ought to ])e 
placed in the way of its ])rodiictioD, 
the manufacture of a poison so viru- 
lent should 1)0 subject to special 
State supervision, and that any 
officer appointed for such purjxise 
should 1)0 empowered to rcujuire that 
the best practicable means l)e taken 
not only to hinder the access of the 
poison to running water, but also to 
preveut tin; poisoning of the air by 
the volatilisation of the ai-seni(‘. 
They were driven to this special 
recommendation in the case of mim's 
upon whit;h aT‘Soni<; is manufacture)!, 
hecause there is no e,H'ectiv(.; method 
of removing arsenic from water in 
which it is dissolved. Witli i-efer- 
ence to the liheratiou of arsenic in a 
soluble form during tin? slow de- 
com])osition of muudie or arsenical 
pyrites, the < Commissioners have 
ascertained that such is the case, 
not merely by ex})erimcnts, Init 
by the actual analysis of streams 
of water llowing over the decom- 
posing mnndic ; and they have learnt, 
from their own observation, and 
from evidence given before them, 
that sueli streams arc destitute of 
fish, and contiuiio so for long periods 
of time after the mining operations 
have entirely ceased. 

The Faraday Lecture of the 


Chemical Society. — (Thursday, 
March 18th, 1875 ; delivered before 
H.K.H. the Priuce of Y/ales). I)r. 
Ho K u A N “ f )n Liebig’s ( 'ontribii- 
tiouH to Experimental Cbcniistry.” 

'I’lio speaker, after notieiiig the 
great value of this tribute of ho- 
mugo to tbe memory of tlic immortal 
haraday, who belonged not merely to 
the island of Lis birtli, but to the 
civilised world, said ho liad selected 
as tlie tlieme of liis diseonrsc the 
la])our.s nf one of Faraday’s most emi- 
nent scientilic eontemporaries, of a 
master mind like Ids, -liistus von 
inehig, the oidy name htted to stand 
on e(|ual terms by that of Paraday. 
If we consider tlic vast number and 
great im])ortancc of the chemical 
facts established by Inebig, we must 
proclaim him one of the greatest 
contributors to oiir science, wliilst of 
organic cliemistry ho] is the very 
source and fountain head. It was he 
W'ho was the iirst to found tlic great 
institutions of chemical education ; 
at the University of Giessen, Liebig 
oT'gauised tlie iirst educational labo- 
ratory, (horn England more espe- 
cially was it tliat a large numl)er of 
young ebemi.^ts thronged to Ids 
school, many of whom have since 
attained the greatest eminence. And 
to these great st i'vict'S may wo not 
add the ius]>i ration bopieathed to 
us by his illustrious example '! For 
us aiul for our successors for years to 
come, it will be our duty to Avork 
not only with Liebig's instruments in 
our hands, Imt with his dauntless 
spirit in oin- hearts. 

lik<; Paixulay, Liebig’s labours in 
abstract science have borne abund- 
ant fruit in the useful arts ; to men- 
tion but a few instances, — tbe indus- 
tries of the fatty bodies and of acetic 
acid, the manufactures of the ful- 
minating compounds, of prnssiatc 
of potasli, and potassic cyanide. His 
noble researches in the field of agri- 
cultural chemistry will ever associate 
his name Avith those of Davy and 
Lavoisier, the great law-givers of 
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modem agriculture. To Liebig we 
especially owe our knowledge of the 
important part played by tlic saline 
iugredients - the ashes of plants - in 
their nutrition, and consequently, of 
the necessity of returuijig these ashes 
to the soil, after each harvest, in 
order to renew its f(‘rtility. It was 
in 1842 tluit, passhig on to the in- 
tricate ehemistiy (4 animal life, lie 
published his work "‘On Organic 
Chemistry in its Application to Pliy- 
siology and Pathology and as an 
outgi’owth of these researches, we 
may allude to the food industry, 
which has already attaim^d such vo- 
lossal proportions in the soutliern 
hemisphere. 

He would now ask them to review 
mpidly laebig’s labours in pui-e 
chemistry ; but even here lie must 
confiue himself to a few illustrations 
amongst several hundreds. Of these, 
though not the most brilliant, were 
three wiiich had conduced more tluin 
any other to the marvellous develop- 
ment of modern eliernistry — tlie ap- I 
paratus, so sinqde and yet so per- 
fect, for tlie analysis of (trganut 
bodies by combustion ; the method 
for determining tlie moiccniarweight 
of bases by tin* combustion of their 
platinum salts, and that for tlie ana- 
lysis of air by means of an alkaline 
solution of jiyi'ogallie acid Avere all 
Liebig’s. 

In passing to Ids researidies, we 
find among the first t<> claim our 
attention his investigations in the 
cyanogen group begun by an exa- 
mination of the fulminates, from 
which lie naturally passed on to tlie 
cyanic group at large ; thou cyanic 
acid, cyanuric acid, and their salts 
became successively the object of his 
labours. It was he who first gave a 
satisfactory explanation of the pro- 
cesses involved in the preparation of 
the yellow jirussiate of potash by 
fusing animal matters with potash 
in iron vessels, the product first 
formed being potassium cyanide, 
which then takes up iron during 


lixiviation. Amongst the interesting 
and valuable results arising from his 
investigation of the ferro-eyanides, 
were the preparation of hydro-ferro- 
eyanic acid, of iiotassium cyanide, 
and potassium eyaiiate. From tlio 
cyanates to the siilpho-cyauates was 
but a stc]» ; and as, in the course of 
liis experiments, lie recinired large 
([uantitics of ammonium snlplio- 
eyanate, he ultimately found tlie 
best method of jirepariug this to bo 
tlie treatment of hydrocyanic acid 
Avith yellow sulphide of ammonium. 
This naturally led to the delicate 
test for hydrocyanic acid by convert- 
ing it into ammonium sidiiliocyauide, 
wlien a drop of a solution of ferric 
chloride produces tlio well-known 
])lood-rcd colour. After glancing at 
the benzoyl compounds, tlie lecturer 
noticed tlie importance of the acid 
chlorides, first olitained by Taebig 
from the aldehydes, altliougli (.'a- 
liours’s metliod is now universally 
adopted in pi‘e])aring tlicm. These 
cliloriiles 'furnished ns Avitli acids, 
ethers, and amides, a source of new 
eomjiounds, not .sliakeii Ity time, Imt 
still fresh and fruitful as on the first 
day of tlnhr iliseovery. 

To l;iel>ig and Wiihler are avc in- 
debted for the investigation of the 
jiroperties and tlie determination of 
the formula of nric acid. Its lia- 
bility to change, \\ hil(‘ increasing the 
dillieiiltyuf the in((niry, enabled these 
ehemists to reap a rich harvest of 
results such as few have ever gath- 
(‘red from one field of research ; the 
discovery of not less than sixteen 
new bodies rewarded their labours, 
and it is noteworthy that only one of 
those has since disappeared from our 
science. To them are we indebted 
for the first analysis and the first 
exact and complete description of 
miircxidc, the precursor of rosan- 
iline. 

Lieihg’s first experiments on alco- 
hol, the action of chlorine upon it, 
led to the discovery of chloral and 
chloroform, two compounds now in 



CHEMISTRY. 


SI 


continual use for the alleviation of 
human Bufl'erinn' an illustration of 
the practical advantages ever follow- 
ing tlic pursuit of truth. C)f tlm 
former compound, in 1808, prohahly 
tlierc was not a kilogramme in exist- 
ence in the whole world ; now the 
factories of Bcj lin alone jjroduee 100 
kilogramnicH daily, '^riu; ohjeet of 
the investigation of alcohol was to 
elucidate the constitution of this im- 
portant compound, and gave rise to 
/that long-j)rotract('d contest between 
I )iimas and iloulley, oii the one hand, 
who considered etiuir and alcohol t(> 
be hydrates of oleliant gas, and Lie- 
big, on the otlie.r, wim regarded them 
as derivative's of a radieal to wJiich 
he gave tlie name of (dliyl. It i-nded 
in a signal victory foj- Liebig, and a 
ujiiversal adojitionof bis tbcory. 

To lacing, also, wc owe tin 
plaiiation of tlic formation of acetic 
acid by atni()S])hevit' oxidation, d’his 
action takes ])ia(;e in twai stag(!S. tiu; 
first being the I’ciuoval of ]iy<lrogen 
and th(' formation of aldehyd(', the 
second the direct oxidation of this 
to acetic acid. Aideliydc was lirst 
made out by this great cbemist, who 
at the same time discovered auotlier 
compound — acc'tal — scarcely Jess in- 
teresting. It was on this occasion 
tliat Lielug lirst observed the lus- 
trous mirror-like, deposit of silver, 
formed on gently wanning a slightly 
ammoniaeal solution of silver with a 
few^ drops of aldehyde ; a veaelion 
Avhich has since developed to a gi- 
gantic industry. 

ddn; eompounds discovered by 
-Liebig arc amongst those in most 
freipient nsc ; tlie reactions are those 
most commonly mnployedin roscareli. 
(lould a more elofpicnt testimony be 
borne to the inlluencc which dustns 
von idebig lias exercised upon the 
progress of (bemical science than 
tliat Jiis tcaelungs liavc become fa- 
miliar as “ liouscliold words,’’ 

Ju wliatcvcr epoch wc may seek 
for models of human existence, “no 
two grander examples will in any 


age stand forth more dignified by 
their intellectual work, more con- 
spiciions for their moral beauty, than 
those whose great naines wo have 
been commemorating this day— - 
“ IMtciiaeu Lauaday ; 

JusTi s Likuu;.” 

Oxygen, proportion of, in the 
air. I>r. UcUe (d. fiir Meteor.) has 
discussed tliis (jucstion in relation to 
tlui sanitary elhcieucy of various 
elimatcs. Samara is in *J4 deg. N. 
lat. on tlic Tigris, and although it is 
ou the o])en steppe, and exposed 
to great vitdssitiules of temperature, 
consmnption is hardly knowm there. 
Ur. Ucke thinks this may he due to 
th(i greater amount of oxygen in- 
ha, led ill a given time at Samara, 
lie compared tliis climate with that 
of seventi'cii other liealtli sta- 
tions, sitiuiU'd in Luropeaud Asiatic 
Lussia,. Tlie amount, in pounds, of 
oxygen ]>a.ssiug through the lungs 
in a wa.*ek varies from “()() Ih. at 
Itariiaul, to 111? lb. at Scriiigapatam. 
London docs not come very badly 
off, giving us 1!)2 H). , while the 
central Luropi'aii stations and those 
at higli level give lower ligui'es. Ex- 
cluding the three Indian stations, 
Sitka, and the mountain station 
Teisseubei’g, in Bavaiia, the remain- 
ing twelve places arc divided into 
four groiijis, which give the follow- 
ing results as to the yearly amount 
of oxygen in jiouiids .---Siberia, 
LVWd ; Eastern Euro})e, 2,326 ; 
Western Ikirope (Brussels and liOn- 
don), 2,3()d ; (V'utral Europe, 2,272. 
Practically, therefore, rather more 
than a ton of oxygen is inhaled by 
everyone in a year. Tlie amount of 
oxygen is increased by high biU'O- 
inetrieal pressure, and reduced by 
higli tcmjxnaturc and humidity. 
When we eoni])are the results for 
the st;veral month-s wuth the average 
of the yi'ar, we liud that London 
shows a sliglit excess in the summer, 
evidently owing to its moderate 
temperature. 

Compound of fluorine and 
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phosphorus. — T. E. Thorpe (Brit- 
ish Association). — This new body 
was obtained by acting upon ter- 
huoride of arsenic with pcntachlo- 
ride of phosphorus. The product is 
a gas wliich is stable at ordinary 
temperatures, can be kept over mer- 
cury, but is decomposed by water. 
TJxe author believes it to be a con- 
densable gas, and from an analysis 
shows that it is a jxentalluoride of 
phosphorus. 

Protosulphide of carbon. — M. 
Sidot {Cu'iirptLsIinidus ). — The author 
in a previous research, mentioned that 
bisulphide of carbon was decomposed 
on exposure to light, giving rise to a 
gas, and a red Hocciilent matter. 
On collecting a large <piantity of 
these products, he found the gas to 
be air ; and on taking duo precautions 
to prevent its entrance into the ap- 
paratus, he efifected the decomposi- 
tion of sulphide of carbon without 
the production of any gas, obtaining 
sulphur, which remained in solution, 
and a brown matter which was jxre- 
cipitated. 

The process was conducted in 
IT -tubes, of 1 metre in length by 
O'CIT) metre in diameter, one of the 
limbs being surmounted by a capil- 
lary delivery tube, and the other by 
a straight gas tube, both (dosed at 
the lamp, 'fhe light was allowed to 
act upon these tubes for about two 
months. At the end of this time 
the operation seemed terminated. 
The liquid contained in the tubes 
was liitcred, and then distilled, 
when there remained in the retort 
crystalline sulphur. The jireeipi- 
tited matter remained attached to 
the interior of the tubes, from which 
it was removed by washing with 
distilled water. The weight of this 
matter, when piirihed, is to that of 
the residual sulphur as d to 4, that 
is to say, in the ratio of 1 equivalent 
sulphur to 1 equivalent of protosul- 
phide of carbon. On analysis it was 
found that tliis compound is really 
the protosulphide, fcJC, resulting 


from the dissociation of CS.^ into CS 
and S. The protosulphide of carbon 
is a maroon powder, tasteless, and 
inodorous. Its specific gravity is 
1 ‘66. It is insoluble iu water and 
alcohol, oil of turpentine, and ben- 
zol. In boiling bisulphide of carbon 
and ether it dissolves in very small 
quantities. Boiling nitric acid dis- 
solves it, and turns red ; the mono- 
hydrated acid poured upon the pro- 
tosulphide of carbon in a stoppered 
tube, ignites it, and takes a deep 
brown colour. Sulphuric and hy- 
drochloric acid do not appear to 
attack it. Concentrated boiling 
potash dissolves it witli a black- 
brown colour, but if the solution is 
neutralised with an acid the liquid is 
deitolourised, and the protosnlpliide 
is liberated iu flocks. If heated to 
about 200'' (\ it decomposes into 
.sulphur, which escapes, and carbon, 
which remains. In this decompo- 
sition there is always iiroduced a 
little bisulphide from the reaction of 
tlic liberated sulphur^ upon unde- 
coinposcd portions of protosulphide. 
Ou heating protosnlphide with excess 
of sulphur the synthesis of the bisul- 
phide was etlected. 

Decolourising’ Ozone. — A. 
Boillot {Comptes Jlendutt). — One of 
the most striking properties of ozone 
is its bleaching power. Ozone em- 
ployed directly, acts as an oxidising 
agent, laying hold of the hydrogen 
of the substance with which it is in 
contact, whence results bleaching, 
if the body is coloured. On allow- 
ing chlorine to act upon any animal 
or vegetable matter, it decomposes a 
certain quantity of water and seizes 
its hydrogen, forming hydrochloric 
acid. The oxygen set free by this 
reaction is transformed into ozone, 
which in its turn lays hold of hydro- 
gen present in organic matter. Thus 
the effects which have been ascribed 
to chlorine are really duo to ozone. 

Temper of fused Boracic 
Acid. — V. de Luynes. — Fused 
boracic acid approaches glass Id some 
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of its external cliaracteristics. lu 
the viscid state it m.ay be drawn 
out into tlireads, wliicli solidify 
rapidly. Its hardness, between 4 
aud 5, places it between fluor-spar 
and apatite ; it scratches glass, and 
is with dilliculty attacked by sand, 
or even by emery, dry or with oil. 

It takes seven to eiglit times as 
much time in grinding as glass iiudm* 
the same circumstances. This re- 
sistance to friction, which does not 
accord witJi its hanliui.ss, depends on 
a speciality of structure. Melted 
boracic acid, in mass, becomes slowly 
liydratcd in contact witli water. In 
]»ovvdcr it is acted on ra])iilly. If 
the powder is spriiddcd with water, 
its temperature may rise to I0t>' (t 
boracic acid is cliic'lly remarkable 
for the ])crsistenco of its tcmpiu’. If 
l)ourcd u]xm a cold metallic surface, 
glassy ]>]ates arc obtained, the under 
surface of wldcli, chilled by tlic 
metal, is more sti'Oiigly tcm})cred 
and more ex] landed tiian the upper. 
Jlcnce results a flection whieflt may 
be sti’ong enough to cause the rup- 
ture of the ]datc and its ju'ojectiou 
in fragiiieiits. If poured into oil it 
in;iy be olitaiued in small nuisscs 
wdth short tails, under the same j 
eouditious as Trince l\U]>crt’s drojis. 1 
A tempered plate of boracic aciil, | 
with parallel surf;u;eK, acts upon i 
polarised light like tempert'd glass ; ' 
l)ut whilst the latter loses this ]»ro- ' 
jxwty by rc-hcatiug, boracic acid i 
lirescrves it with great tenacity. | 
(J/icinicdl JS ( C’s. I 

Solution of Difficultly-Solu- 
ble Substances. .\. 11. Allen : 
(British Assoeiatiou). -The .author' 
stated that he had found that many I 
so-called iusoluhlc substances couhl, | 
when bcaied with fuming hydrocldo- 
ric acid in sealed combustion tubes, 
be either comjdetely dissolved or de- 
composed with separation of silica. 
In some luises where hydrochloric 
acid failed, sulphm ic acid succeeded. 
The heating of the tubes is gene- 
rally done by means of a water bath 


but for some substances a chloride 
of calcium bath must be used. 

Solubility of Nitrate of Soda. 
-—A. Ditto (Ooviptrs Hindus ). — 
Nitr.atc of soda forms at low tem- 
jieratures a compound wdth water. 
JVitrate of potash presents no similar 
phenomenon. If wc plunge into 
the same freezing mixture at — 13'^ 
or— 14 ' ('. two tubes containing solu- 
tions saturated at zero, the one of 
nitrate of soda, and the other of 
nitrate of jiotash, the lattci* in a few 
moments bt'coincs a solid mass, 
whilst the former remains liquid, in 
s[)itc of .-igitation and of the presence 
crystals of nitrate of soda in the 
tube. The melting-point of the liy- 
I drate, NO-NaO, 14 IK ), being below 
! the Uuupcraturc of the freezing mix- 
ture, it remains lifpiid. 

Molecular Equilibrium of 
Solutions of Chrome Alum. — 
B(!C 0 (| do Boisbaudraii (Couipfes 
I L'i'i/ilds). —Blue solutions of chrome- 
' alum, recently iircpared in the cold, 

; acquire gradually a greener shade, 

I and grtum .solutions of the same 
alum, recently prepared in heat, 
gain ,b_y degrees a more blue tint. 
'J'hese clianges of colour arc observed 
whether the li(iuids are in closed or 
o])cn vessels, with or without cou- 
tact of crystals, and whether cou- 
eeutratod or <lilute. Still, the 
eliiinges of colour lieing very slow, 
wc cannot, by observing them, ob- 
tain an exact measure Cor tlie pro- 
gri'ss v>f the transformation. The 
author takes, tlicrefore, advantage 
of the variations in volume wdiich 
shovdd aeeomjiany the change of 
molecular cipiilibrium of the salt. 
On the one hand, the blue alum of 
the solution made in the cold loses 
a part of its water of hydration iu 
becoming green. On the other, the 
grcMm alum ef the solution made in 
heat gains water in boeoming blue. 
In tbe former case, there is disso- 
ciation with change of volume ; in 
the second, the combination pro- 
duces a decrease of volume. 

c; 2 
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Salts of Chromium. —A. Etard 

{(.Unnptcff h’ent/vs ). — Tlie green salts 
become violet imder the iidliieuco of 
nitric acid after tlie expiration of a 
longer or sliorter time. ( 'ertain re- 
agents produce an immediate elfect. 
The green salts become a carmine 
violet if mixed in tlie cold with a 
little nitrite of jiotasli. The carmine 
tint developed at the moment of the 
mixture of the two solutions, ami 
which resembles that of the amido- 
ehromic t'ompounds, gradually dis- 
ap[)eaT'S to give _[)lace to the blue- 
violet which has chrome alum for its 
type. Sul])hocyanide of potassium 
produces the same pluMiomc'na, but 
more slowly. The green solutions 
of chromium salts, if ])rcci])itated by 
potash, give a hydrate insoluble in 
ammonia, and which, if re-dissolved 
in acetic acid somewhat concen- 
trated, takes a carmine-violet coloui*. 
In this case the carmine tint does 
not pass into the violet-blue in | 
course of time. Tinier the inibienc.e I 
of the arseniate.s, or of free arsenic ! 
acid, the violet salts liecome a bright i 
green in a few seconds in the cold, 
and cannot be brought bac-k to a 
violet by the nitrites. Ts’itrate of 
silver does not precipitate the ar- 
senic acid of the.se salts. Ltewcl 
admits four modilications of hy<lrate 
of ehrome— -two green, om* violtd- 
carmiiie, and one violet blue, 'hhe 
violet-carmine salt obtained witli a 
nitrite gives Avitli potash a gr(‘y 
preeijntate insoluble in ammonia, 
"lieh distiiigui.shes this salt from 
the ordinary one violct-ldnc salt. 

Relation of the Arrange- 
ment of the Acids and Bases 
in a Mixture of Salts.- I’rof. 
Gladstone (British Association).- 
U'he (juestion proposed is — Sn^ 
posing two salts, such as suljdiatc 
of jiotassium and nitrate of mn.g- 
nesiiiiii, are dissolved and mixed 
together in equivalent proportions, 
is the solution identical wdth a mix- 
ture of sulphate of magnesium and 
nitrate of potassium in ecxuivaleiit 


proportions ? Evidence of the point 
was sought princiiially in the action 
of the two mixtures on a highly - 
coloured salt, such as ferric siilxdio- 
cyaiiidc, bromide of gold, or potassio- 
iodide of platinum. According to 
the laws of reciprocal decomposition, 
every addition of a colourless salt 
ought to reduce the colour of these 
solutions, and every diircrcut salt 
will prol)al)ly cause a dili'erent 
amount of reduction ; iicv^ertheless, 
in a series of exi>eriments with 
various salts, it was always found 
that tlu; coloured salt was efpially 
diminished in colour in which ever 
way the acids and bases had been 
oiiginally combined. 

Dissociation of Nitric Acid. 
— r. Brahaju and J. W. (hitehonsc 
(Chemical Society).-- d'liree scries 
of e\])erimei)ts were made, the first 
of which consisted in ex])osing the 
vajjour of the acid (S}>. gi‘. To) to 
various lemperatnres ; at that of 
melted tin only ])er cent, of the 
acid was decomposed, vlnlst at that 
of jnelte<l lead 1?0 to .‘>0 ])cr cent. 

; was alleeteil, and at a low I'cd heat 
I 54 X‘cr cent. ; at a l)right i’ed heat 
i 8!l. The ])roduets are tetroxide of 
1 )dtrogen, nitrous oxide, oxygen, and 
I nitrogen, tlic reaction being repre- 
i seiitcd by the e(|iiation 8 } 1 ’N (>3 = 

' 4N()h-4()11,h- .^J) + K, O,,. A 
very neat cx])crimental illustration 
vas shown b}^ pouring iiitiic acid 
into the bowl of a to])acco-pi})c 
])]aced in an inclined ])osition, and 
the stem of which was heated to 
I redness ; the evolved gas was col- 
' lected over vater. In the second 
series, where the acid was exjjosed 
to sunlight, it was found that de- 
compo.sition eeasiid Irefore the amount 
of jiitrous acid had reached 1 ’5 per 
cent. If, however, the products of 
decomj)osition are removed as they 
are foiiiicd, the action coutiinies. 
Erojii the tldrd series of cxpcriiijcnts 
it was found that nitric acid con- 
taining nitrous acid is not decom- 
posed by boiling. 
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Dissociation of Sulphate of 
Copper. — Alex". ISTaumanu.—lf a 
crystal of blue vitriol is exposed, iu 
tlie vacuum of Hofmann’s apparatus 
for determining the density of va- 
pours, to tlie temperature of the 
vapour of boiling alcoliol, if the 
ci’ystal is sullicicntiy large in com- 
parison witli tlie size of the vacuum, 
a few spots i)ocome white, especially 
those whicli receive the heat first 
by contact witli the nicrcury or the 
side of the glass tul)e. As the in- 
crease of the tension becomes grad- 
ually slower and slower, the Avhite 
spots extend, and arise on parts of 
the crystalline surface previously I 
iiuattackcd. Hut even after an j 
hour’s observation the tension still 
increases, whilst the white of the 
parts lii’st attacked Ix^conies a dirty 
or greenish -white, ami the (uystal is 
atrected to a greatcir dcptli. If the 
crystal is small the whole snrfac-e is 
at once attacked, but lu'cnmes grad- 
ually darker again as the tension of 
the vapour ris(;s.- - ('liniiinU Ab ir.<. 

Anhydrous Sulphuric Acid 
from the Combustion of Iron 
Pyrites. — A. Schenrer Kesbner. — 
{( Urni /ifrs hk ), — The white fumes 
which accompany the siilphui-ous 
acid ]iroducc(l by the comi)ustiou of 
jiyrites have been ascribed to sul- 
phuric acid, due to the concimrsc of 
the sulphurous acid ami of the mois- 
ture contained in the jiyi’ites. Hut 
these vapours ai-e formed with ctjual 
facility from dry pyrites, and on ex- 
amination the autlior iinds that they 
are condensed witli dillienlty, and 
that they arc ch icily composed of 
anhydrous sulphuric acid, to the 
formation of which moisture or 
water can have contributed nothing. 
The sulphurous acid produced by 
tlie combustion of suljihidc of iron in 
pyrites-kilns is in prolonged contact 
with very hot walls of masonry, or 
of pyrites completely or imperfectly 
burnt. Hence it follows that anhy- 
drous sulphuric acid can only be 
formed by the decomposition of the 


snljihnrous acid itself, or by its oxi- 
dation, the two phenomena being 
occasioned by the great heat to which 
the gases ar(^ exposed. J hrcct ex- 
periment pj'ovcs that sulphurous acid 
is not dccom]ioscd, twa n at a tem- 
|)cra.tnrc higlnu- tlian that of jiyritcs- 
kilns. Its aqueous solution is easily 
decomposed if heated to ‘JOO'’ C. in 
a sealed tube, into sulphuric acid, 
and a deposit of free sulphur, but 
the gasiams acid resists beat. The 
presence of anhydrous sulphurous 
acid must therefore he ascribed to 
tlic oxidation of sulpliurous acid. 
The sidjrliurous gas in jiyritcs-kilns 
being mixed with large (piaiitities of 
air, we aixi led to suppose that the 
elevated temperature favours the 
comhination of atmospheric oxygen 
witli sulphurous acid, 'rodotermino 
this point, tlie mitlior passed sul- 
jihurous acid, mixcul with double its 
\olumc of air, through a platinum 
tube of 10 coiitimctn's in length, and 
heated to ivdm'ss. 'Tlio gases before 
entering tlu^ tube traversed asolution 
of chloride of barium to serve as a 
proof of the absence of suljihuric acid 
before tbeir passagi*. thri )Ugli tl le tube. 
A solution of cliloridc of barium, 
Avliich the gases ]>:issed through 
after issuing from the tube remained 
jHui'ectly clear. An wliitc vapour 
wcis perceived ; consctpicntly there 
was no trace of tln^ formation of an- 
hydrous sul]>huric acid. To exjdain 
the oxidation of the suljdiurous acid 
there remains merely the interven- 
tion of the oxygen of the huTic oxide 
already foriiuid liy the combustion of 
the siiljdiur of the }» 3 U’ites. Hurther 
ex})crimeuts ]>rovcd, iu fact, that the 
suljdmrous acid is oxodised at the 
expense of the oxygeu of the ferric 
oxide. This is a new instance of the 
remarkable oxidising powers of ferric 
oxide which serves to transfer oxy- 
gen from the atmosphere to the 
oxidisahlo body. The presence of 
sulphuric acid in the gases derived 
from the combustion of pyrites ex- 
plains, to a certain extent, the de- 
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fault of oxygen which has hceii ob- 
served in these gases at the moment 
when tl)cy are directed into the 
leaden cJiambeis for the mannhietnre 
of sulphuric acid. AVlum tl)esc gases 
arc aualysctl ^yc lu'.ver find a (jiiaiitity 
of oxygen sullicieiit to represent, 
with the sulphurous acid which they 
contain, and tlie oxygen <oml)ined 
with the iron of tlio pyrik's, all tlic 
oxygen of the air which lias served 
to support tlic combustion of the 
sulphide of iron. Tlu' followingis a 
comparison between tlie com])osiiion 
of the gas of a pyrites-kiln as found, 
and as calcidatod on tlie basis of 
4\S4 per cent, of sulphurous acid : 

Fouiifb C.ilculatL'd. 

Sulphurous acid . 4‘.’M 4%*M 

Oxygen. . . . 11 ‘IS 15*41 

I^itrogcn . . . S-I‘4S 81)’:“ 

Chemical Theory of Fired 
Gunpowder. — J*rofessor Delnis 
(British Association). — The anthoi* 
deduced, from tlie analytical rcsnlbs 
published in Messrs. ISoblo and 
Abel's excellent researches ou bred 
gunpowder, as well as from the 
analyses of the [irodncts of the 
combustion of powder ymbltshcd by 
Bunsen ;iud ScliiskoH’, Hit' following 
general results concerning the ]»ro- 
ducts of combustion — (1) the snni 
of the potassium conkiincd in the 
potassic hyposulphite, sul[thate, and 
.sulphide, stands to the potas.siniii 
in the potassium carbonate ap])roxi- 
mately in simple proportions ; (*J) the 
carbon of the carbonic oxide stands 
to the carbon of tlie potassic caibo- 
nate also approximately in a simple 
proportion. From this, as well as 
from the relation of the sum of tlie 
potassium contained in the sulphide 
and hyposulphite to the potassium 
in the sulphate, it is possible to 
form a theory for the combustion of 
owder. There are several re-aetioiis 
etw^ecn the constituents of powder 
when the latter is fired. Two of 
these are simultaneous ; the way in 
wdiich the others succeed each other 
cannot be accurately determined. 


As first, wlieu a portion of the car- 
bon is liurucd, potassic carbonate, 
carbonic oxide, nitrogen, and ear- 
1)01110 acid arc produced. Simul- 
taneously wdtli this reaction another 
takes place - a portion of the salt- 
petre and the whole or a [lorlioii of 
the sulphur form potassic sulphate 
and cai'bonic acid. 'I'he action of 
still unbnrnt carbon and of free sid- 
])hnr ou the potassic sulphate, in a 
succeeding .stage of the combustion, 
■aiises the formation of ]jotassic‘. sul- 
* pliide and hy]»osnl])liite. 

Combustion of Iron in Air. 

TJu 5 c\})ei*imontcr tnkes a straight 
bar magnet of some xiower, and 
sjirinlvlcs iron flings on one of its 
poles. Tliesc flings arrange them- 
selves in ai^cordaneo w ith the line.s 
of magiudie force, and how’ever 
t closely tiny may ajijiear to be placed, 
of course no two of tlie metallic fla- 
nicuts are parallel, and consecpieiitly 
a certain jiorlion of air is enclosed 
as in a metallic sponge. 'Phe fames 
of any ordinary spirit lam]) or gas 
burner readil^^ ignites the finely 
divided iron, and it continues to 
burn most brilliantly for a conaidc^*- 
ablc h'ligtli of time, the combustion 
b(‘ing, .‘ippariuitly, us natural and 
('asy as that of any ordimuy sub- 
stances If tlie ex]»erimenter w ith 
this ojK'ratioii stands on a slight ele- 
vation and w aves tlu' magnet to and 
fro while burning, a magiiif cent rain 
of f re is ])roduccd. 

Vanadic Compounds in 
Water.— A. A, 11 ayes (American 
Association).- The beautiful suburb 
of Boston, Brooklin, owms its varied 
surface and scenic el feet largely to 
water action in forming the gravel 
drift into elevations and depressions, 
having curved and graceful lines. 

TJic water wdiicli snpiilics the w*ells 
of the district of the drift is a trans- 
parent, colourless solution of mag- 
nesian calcic, manganous, and ferrous 
silicates, phosphates, carbonates, and 
vanadates. 

Tlio deposit* which forms ou boilv 
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ing this water resembles in composi- 
tion the matter taken from rocks 
by weak solvents; although some of 
these compounds remain dissolved 
in water after it has been boiled. 

Detection of vanadium as oxide is 
effected, by dissolving the deposit 
formed from boiling water by means 
of diluted nitric or sulphuric hy- 
drate. In this solution, the addition 
of a slight excess of ammonic hy- 
drate, and a moment aft(ir a. con- 
siderable excess of ammonic car- 
bonate, insures the reduction of any 
vanadic compound by the manganous j 
and ferrous oxides, and separation i 
of other compounds than magnesic 
oxide and the blue vanadous oxide, 
which appears in solution of a rich 
blue colour. In a nearly closed 
vessel, a bright strij) of zinc will 
withdraw vanadous oxide from the 
blue solution, at first as a thin 
bronze coating, afterwards as a black 
crust. 

I believe this is the first discovery 
of vanadic compounds in water. 

Manganous salts have been ob- 
served in waters where humic acid 
has acted on rocks containing man- 
ganous carbonate, and the existence 
of a water of this kind is known 
to me ; but it must be considered 
quite apart in composition from a 
water in which soluble silicates in- 
clude manganous silicate as part of 
a compound possessing novel cha- 
racters. 

Strontium Sulphide.— Sergius 
Kern {Chem. News ). — By the fol- 
lowing method, strontium sulphide 
(SrS) is easily formed Concen- 
trated solutions of strontium chloride 
(SrClg) and sodium hyposulphite 
+ 5H.^O) are mixed to- 
gether ; the solution contains, then, 
sodium chloride (NaCl) and stron- 
tium hyposulphite (SrSgO;,), both 
soluble salts, so that no prcciptatc 
is formed : — 

SrCl, + Na^S^O, = SrS„Os + 2NaCL 
The strontium h3rposulphite may be 
precipitated by ordinary alcohol, or, 


as it fwas found better, by methyl 
alcohol (CoH^O) ; the precipitate is 
washed, dried, and strongly heated. 
The strontium hyposulphite is then 
decomposed by the heat, and the 
remainder is a mixture of strontium 
sulphide (SrSj, strontium sulphate 
(SrSO^), ai\d a small quautity of 
free sulphur. The following equa- 
tion represents the decomposition of 
the salt : — 

2SrS ,(\ SrS 4 - SrSO . 4 S + SO,. 

''Jo obtain pure strontium sul- 
phide, the mass resulting from the 
heating of strontium hyposulphite is 
converted into powder and dissolv’’ed 
in water ; the strontium sulphide 
(SrSl remains in solution, and a pre- 
cipitate is left containing strontium 
sulphate and free sulphur; the solu- 
tion is filtered and evaporated on a 
sand-bath, and the pure strontium 
sulphide is dried over sulphuric 
acid. 

Titanium Oxychloride. 
— Friedel and Guerin (Soc. Chim. de 
Paris).— This compound was pre- 
viously observed by Ebelmen, who 
took it to be the protochloride. It 
is produced by passing a current of 
hydrogen and of tetrachloride of 
titanium through a tube heated to 
bright reduess, and containing ti- 
tanic acid. Sesquiehloride, Ti,,Clfl, 
is formed simultaneously. The oxy- 
chloride appears in brown rect- 
angular lamella’, which are red by 
transmitted light, and under the 
polarising microscope pi'escut the 
charactei’s of orthorhomhic bodies^. 
Its composition is Ti,0.,Cb. If 
treated with ammonia it yields 
titanic acid, with disengagement of 
hydrogen, resulting from the oxida- 
tion of the sesquioxide of titanium. 
The titanic acid in the tube is trans- 
formed into a crystalline mass of a 
fine coppery metallic lustre. This 
is the sesquioxide, TbO,,, and pre- 
sents exactly the crystalline form of 
oligistic iron ore from Elba. This 
identity of form confirms the expla- 
I nation which M. Friedel has already 
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given of the varying composition of 
titaniferous irons. They are merely 
mixtures of isomorjjhous cota- 
poiinds. 

Alloys of Platinum and Iri- 
dium with Iron.— II. Saiiite-Olaire 
Eeville. ~ On analysing ])latin-iri- 
dium, by a i not hod whicli \Adll soon 
be made; pnblii;, iron and platiiinin I 
are imitod in the stati'- of oxides 
intimately mixed. If tliis mattm’ is 
treated Avith a eiirrent of hydrogen, 
oxide of iridium is reduced at com- 
mon tcm]3eratures, and the. iron 
at tem]3(^paturcs from 200' to 
600'" C. The metals are then alloyed, 
for if digeste<l Avith hydrochloric 
acid, a few bubbles only of hydro- 
gen escape, and very little iron is 
dissolved, even aa'Iich it exists in 
the alloy to tlio extent of 10 per 
cent. Iron and iridium are thus 
capable of combi u in g at Ioav tem- 
peratures, and the same is probably 
the case Avith iron and platinum. 
Under these conditions the alloy is 
evidently not homogeneous. Brei- 
thaupt admits the existence of pla- 
tinum ores containing 14 to 19 per 
cent, of iron. Berzelius, only once, 
however, found a specimen contain- 
ing as much as 12 98 per cent. ; and 
M. Debray and tlie author liavc 
never found more than 12. Pla- 
tinum may be freed from iron by 
cupellatiou in chlorine gas. If 
heated from 1200^ to loiK)' C. in tliis 
gas, the iron is volatilised in the form 
of brilliant crystals, and dc[)ositod in 
all the hot parts of the ajiparatus. 

Ruthenium and its Oxides. — 
H. Sainte-Claire DeAulle and H. De- 
bray [Covipfes Itemlan). — Pure ru- 
thenium is as sparingly fusil)le as 
iridium ; and if heated in an oxi- 
dising atmosphere it burns with 
brilliant sparks, a smoky fiaiiie, and 
a decided odour of ozoue. The 
authors submitted ruthenium to the 
action of oxygen in a porcelain tube, 
heated to a temperature a little 
higher than tlie melting-point of 
copper. Premy’s crystals were thus 


reproduced in very fine specimens, 
into wliich the Avhole mass of oxide 
was transformed, ordy a very small, 
portion having bciui transported ])y 
subliiuation outside the “ boat ” 
whicli it had hllcd. This observa- 
tion (‘onncct.s the phenomena with 
the “apparent volatilisations” of 
Avliich 'Iroost, llantofeuillc, Ditti 
and the authoi's havc givcui numerous 
examples. Tlio.sc? facts have been 
explained by the momentary produc- 
tion of an unstable compound, which 
is dissociated almost at tlic time of 
its formation. Hyper-ruthenic acid 
(Pu(),b the analogue of osmic acid 
disc^ovcj-cd by (‘Ians, is yelloAV, crys- 
talline, but so unstable tliat its form 
Jias not been determined. It melts 
at 40 (I, and at 108 ‘ it is 
destroyed with (jxplosion. Wlieu 
decomposed, it yields strongly ozon - 
ized oxygen. Osmic acid, on the 
contrary, produccMl by the direct 
action of oxygen ui)on im.4allic os- 
mium, may j»c maintained in the 
state of vapour witliout decomposi- 
tion. Iluthenic oxide is not reduced 
hy heat like the oxide of iridium. It 
i.s found along Avith iridium, iron, 
and even platinum in most precipi- 
tates and solutions Avhich contain at 
the same time the two former 
metals. Iridium, especially, retains 
ruthenium with great tenacity. IVIr. 
Matthey informs the authors that 
four or five repetitions of Claus’s pro- 
cess do not always sufiice to free 
iridium from the last traces of ru- 
tlienium. — CIlc'ih inU 

Barium. — Sergius Kern {Chem. 
Newfi) proposes to jireparo metallic 
barium by a ncAv pr-ocess. Pure 
iodide of barium is fust obtained by 
ac.tiug on barium liydratc with 
iodine, and passing a current of sul- 
phuretted hydrogen througli a solu- 
tion of tlic product ; any iodate is 
thus converted into iodide. On 
heating the iodide Avith metallic 
sodium, the barium is set free, and 
may be separated by irieaus of mer- 
cury. 
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Thallium. — The following me- 
thod of obtaining thallium from the 
soot of sulphuric acid works liJis 
been devised by Hei‘r Stolba. In 
repeatedly working up the soot of 
two sulphuric acid works iu Ger- 
many, wlierc pyrites from Mcggen 
were employed, a method was em- 
ployed for separating the tliallium, 
which depended upon a formation of 
a thallium alnm. 'riic soot is first 
passed tliroiigli a coarse sieve to 
remove tlie pieces of brick, mortar, 
and clay mixed with it, and tlicn 
boiled in water acidilied with sul- 
phuric acid. It is next placed on a 
suitable filter and stirred during 
careful washing with hot water until 
all the acid is j’emo\ cd. ddu‘ wmsh- 
water, after acidifying, can be msed 
for boiling a second ]joi tion in, and 
so on. The first filtrate, Avhich is 
tolerably concentrated, is evaporated 
in very shallow^ dishes to such a 
degree as to cjystallise. beautiful 
large reddish crystals of thallium- 
alumina- iron alum art; formed as it 
cools. The mf)tlier liijuor has sul- 
phate of alumina added to it, and 
is again evaporated, wJien a small 
quantity of mixed alums scpai'Jitcs. 
The last mother liquor, as well as 
the rinsings from the crystals, when 
precipitated witlj crude liydroeliloric 
acid, yield a surprisingly small quan- 
tity of .chloride of thallium. 

The ciystals of thallium -alum 
are recrystallised twice from water 
containing sulphuric acid. The alum 
thus obtaine<i is so pure that it 
yields pure thallium when acted 
upon hy pure zinc and pure sulphu- 
ric acid, and with a pTire liydro- 
chloric acid, chloride of ilial- 

lium is precipitated. 

The crude chloride of thallium 
may he prepared in the usual man- 
ner, and next converted into sul- 
phate by means of sulphuric acid, 
and finally, by means of sulphate of 
alumina, into thallium alum, which 
can bo purified l^y rccrystallisation. 
The first method is, however, more 


convenient, because it does not in- 
volve the troublesome decomposition 
of the chloride liy means of sulphuric 
acid. As the thallium alum is con- 
siderably more soluble in hot than 
in cold water, tlui conversion of the 
much less soluble sulpliate iuto the 
more solulile alum oflers the great 
advantage that the latter can be re- 
erystallised from a much smaller 
(piantity of water, wlricli is more 
con veil ient and requires Ic.ss time. 
Besides this, the alum is a com- 
pound easily converted into the 
cldoridc or iodidi^ from which the 
metal is easily obtained . — Entjliali 
M (’(‘luinli-. 

Dr. I lammerbaelier {Llehlrfa An- 
tiahti) states iliat lui has detected 
thallium iu the mineral called Oar- 
nallite : which is a chloride of mag- 
nesium and [lotassiuui, occurring 
above the rock-salt of Stassfurt iu 
Prussian Saxony. 'Phe carnallite 
exhibited in the spectroscope traces 
of thallium, rubidium, and ciesium ; 
but it was not found possible to iso- 
late the thallium. Sylviuc, or na- 
tive chloride of potassium, from the 
same (Uqiosits, siiow^ed the presence 
of ruliidium and ciesium, but not of 
thallium ; whilst the other potassi- 
um-salts, poly halite and kainite, 
appeal- to eoiitain none of tliese 
metals. 

Salicylic Acid. - E.B. Squibb. — 
Saliciu is a glucoside, or neutral 
vegetable principle discovered by 
Leroux in ISIIO, in the bark of the 
willow, whence its name. It 

wais afterwards found in various 
species of jioplar, and in other trees 
and plants. Saliciu was chiefly in- 
vestigated by Fhria, wdio gave an 
elaborate account of its derivatives, 
and among these, of salicylic acid. 
Early m its liistorythe acid was pre- 
pared by Lo wig and Weidmann from 
tile flowers of Sp'mm ulmana ,* and 
later, a research by Prof. Procter, of 
Philadelphia, showed that our oil of 
wintcrgrccu, Gaulthcrla procurnbeus, 
was really a salicyloiis ether ; and 
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from this source salicylic acid was 
obtained by Cahours. Gerhardt and 
others contributed to the researches 
by which the properties and reac- 
tions of salicylic acid were accurately 
determined and its composition fixed; 
but as yet it was but a clieniical cu- 
riosity whose potential possibilities 
were quite unknown. It still be- 
longed to that class of substances 
which had simply consumed a large 
amount of patient labour, and in re- 
lation to which the rigid utilitarian 
asked Michael Faraday, ‘ ‘ What is 
the use of such things?” and re- 
ceived for reply the answer, “ What 
is the use of a baby ? ” 

The physiological and pathological 
effects of salicin, thougli imperfectly 
investigated, seem to have gradually 
and slowly directed attention to 
those of its derivatives, and occa- 
sional paragra])lis have appeared in 
current scion tide literature, from 
time to time, upon salicylic acid for 
some years past. But only within the 
last year or two have German writei s 
alluded to its peculiar and powerful 
effects as an antiferment, and anti- 
septic. 

Tliese reactions of salicylic acid 
producing a demand for it, the (Jer- 
man chemists,'Kolbcand Lauteniann, 
sought for an organic compound 
which from its elementary composi- 
tion might be split or dissociated 
into the desired new compound sali- 
cylic acid. This substance, whose 
molecule might be broken np, they 
found in phenol, the so-called car- 
bolic acid. The agent which they 
selected to resolve the molecule of 
phenol into other molecules, one of 
which should be salicylic acid, was 
dry carbonic acid. Thus from the 
action of carbonic acid on carbo- 
lic acid, salicylic acid is produced ; 
a process which is about as far from 
the original willow tree as a source 
of the acid as can well be imagined, 
and yet a process which is as much 
the result of human knowledge 
based tipou human research as that 


by which Le Verrier and Adams 
discovered the planet Neptune. 

It appears tliat where phenol or 
cresol, and perhaps others of the class 
of phenols, are combined with an 
alkali metal such as sodium or po- 
tassium, thus forming phenol-sodium 
(often called plienate of soda) for ex- 
ample, and well dried carbonic an- 
hydride is passcdjthrough the dry 
powder of phenol -sodium heated to 
10(F to 250 ' C. ==212" to 482" F., the 
reaction occurs which produces sali- 
cylate oi sodium and other com- 
pounds. The salicylate of sodium 
thus formed is dissolved in water 
and decomposed by liydro- chloric 
acid, which, uniting with the sodium 
by superior affinity, sets free tlie 
salicylic acid in the form of small 
crystals. These crystals are washed 
and re-crystallised from a hot solu- 
tion, and wlicji dried form a crystal- 
line powder of a light brown colour, 
somewhat resembling the powder of 
pale cincliona bark. 

This is uul)leaclied salicylic acid, 
and is probably pure enough for most 
of the purposes to which the acid is 
at present applied. The small propor- 
tion ()f colonriug matter which it 
contains is held with great tenacity, 
and thcfurtlier processes by which it 
may be obtained wliitc are so 
troublesome and expensive, that 
they more tlian donlde the cost of 
production. 41iis Ijleacliing may be 
accomplished i ii various ways. Kolbe 
recommends that it be converted 
into an ether, and this ether be 
again decomposed. Whether bleach- 
ed or unbleached, the acid is iu 
minute broken acicular crystals, 
which give it the appearance of a 
granular powder, soft and smooth 
under the pestle or knife, but some- 
what rough or resinous when rubbed 
between the fingers. The powder 
is odourless. It has a sweetish and 
Jistriugent after-taste, though itself 
tasteless. 

It is insoluble in cold, but is very 
soluble in hot water ; and the water 
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of a hot solution retains when cold, 
in proportion to its coldness, from 
about 1 part in *250, to 1 part in 500 of 
the solution. The presence of various 
neutral salts in small proportion in 
the water render it far more soluble. 
Up to this time pliospiiate of sodium 
seems to have been ehieliy used in 
(Germany to render it more soluble 
in water for medicinal purposes, and 
it is said that 5 ])arts of plios])liatc 
of sodium will render 1 ])a)“t of the 
acid easily soluble in 50 parts of 
water. It is inn eh more solnhle in 
alcohol and ether than in water. It 
melts at about 1*25 - 257 " h'., and 
sublimes at about *200' U. --.‘{02'' F. 
In common with other similar acids 
it forms salts with the principal 
bases, but these seem thus far to be 
difficult to make, and their effects 
have not been investigated. 

It is used for medical and surgical 
imrposcs cither diy or in .solution. 
When n-sed dry it is sprinkled on to 
wounds, ulcers, or dressings in the 
form of very tine ]K)wder, in very 
small (quantities, cither simply ]K>w- 
dered, or mixed in various proqior- 
tions with some diluent, such as 
standi. AVlu.m u.se<l in simjilc solu- 
tion either for spraying surfaces, oi’ 
for washes or gargles, it is used in 
tepid solution of alioiit 1 part to ,‘>00 
parts of water. Where stronger so- 
lutions are reiquired for washes, 
gargles, or to moisten drc.ssiugs, 1 
part of the acid and 5 parts of qjiios- 
jjhate of sodium to 50 parts of water 
have been used. 

Its alleged advantages over all 
other antiseptics are : First, that it 
is far more powerful and effective in 
smaller quantities ; and secondly, 
that it is, in all quantities necessary 
for complete effectiveness, entirely 
devoid of irritant action upon the 
living tissues. It is not caustic nor 
corrosive in any quantity, and never 
produces inflammation. In large 
quantities it may be irritant and 
painful, but yet rarely surpasses a 
stimulant effect, while it appears to 


be quite neutral in the very small 
quautities which are yet thoroughly 
effective ; thirdly, it is said to reach 
and prevent processes of decompo- 
sition which are beyond the reach of 
all other antiseptics or antiferments. 
These ])roce.sse.s are of two kinds, 
namely— vital, or those in which 
living organisms have an important 
l)art, such as that produced by yeast 
and many of those which occur in 
putrefaction ; and chemical, or those 
which occur indcp)etidcnt of vitality, 
as the production of the volatile oils 
ill mustard and bitter almonds, the 
effect of diastase, kc. Now, while 
ear})()lic acid and other antiferments 
are azymotic, orfcompletely arrest or 
prevent fermentations of the first 
kind, they arc })owerless with the 
cliemical processes. Salicylic acid is 
said to ])o more effective with the 
vital ferments, and ecpially effective 
vvitli the (‘hemi(;al. 

Fourtldy, in (jiiantities said to be 
tlioroughly cfiective, it is entirely 
odourle.ss and tasteless, and harm- 
le.ss, whilst it lias no qioisonous effect 
in any rea.sonable (piantity. 

It quevenis or arrests the Bouriug 
of worts, washe,s, and beers of the 
brewers, and qirevents or arrests the 
jmti'cfaetive agencies which are so 
trouhlesome and destructive to the 
glue manufai^turcrs ; and these and 
similar trades havi* thus far seemed 
to be its q^rinciqial eonsimicrs. Se- 
parate qioitions of fresh milk set 
aside to become sour, one to which 
ff’Od jier cent, of salicylic acid was 
.added, soured tliirty-six hours later 
than the other . — Ckemkal News, 

Carbolic Acid. — M. Sclinitzler 
{Chem. N(iws ). — Raw phenate of 
soda is strongly heated in a copper 
still. Water, naphthalin, oils, and 
a little carbolic acid pass over, and 
the fire is removed when the distil- 
late ticgins to nm milky : 15 kilos, 
require about ten hours. The greater 
part of the carbolic acid remains com- 
bined with the soda as a solid mass. 
The temperature of the vapour, 
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during distillation, may reach 170°C. 
The solid residue is afterwards dis- 
solved out iu triple the cjuautity of 
water necessary. This liquid is 
allowed to settle for some days, 
wheu certain impurities are depo- 
sited. Dilute sulphuric acid is tiicn 
added to tlie clear liquid, the car- 
bolic acid is decanted and distilled 
in glass vessels. Water passes over 
first, then junx; carbolic acid, which 
crystallises entire ; and, lastly, a less 
pure carbolic acid, whi(;h, even after 
crystallization, j’otaius some oily im- 
purities. 

Tartaric and Citric Acids. — 
K. Warrin^on (('hcmical Society). 
— The author has found that the 
crystallised citric acid, as prepared 
in Mr. Lawes’s manufactory, inva- 
riably contained one inolecule of 
water, which it lost in tlic water- 
bath, but not always ht rifctKt over 
sulphuric acid, for, sti‘angc to say, he 
had noticed that, in some instances, 
the acid did not lose weight under 
these circumstanc((s. Citric acid is 
now made almost entirely from lemon- 
juice prepared from the windfalls 
and imperfect fruit. In its uiu;oucen- 
trated state it contains 8—9 ozs. of 
acid per gallon, whilst that expressed 
from the fruit imported into England 
contains lOa — ozs. There arc 
usually about (if ozs. of fr<.‘.e citric, 
acid per gallon in the concentrated 
juice, and (> or 7 combined with 
bases ; of the total acid al)out 8 }>er 
cent, is not citric acid. In treat- 
ing of tartaric acid the author, after 
noticing the fact that tartaric acid 
can never be fused without the pro- 
ductiou of ditartaric acid, aiul the 
effects of various salts and acids 
on the solubility of liotassium bi- 
tartrate, explained what “Ices,” 
argol, and tartar were. The Iccs 
which are deposited at the bottom 
of the cask vary in the amount of 
tartaric acid which they contain in 
the state of potassium bitartrate, 
and of calcium tartrate, the latter 
being very large iu proportion to the 


former in those countries, such as 
Spain and France, where it is the 
custom to add plaster to the grape- 
juice before fermentation, whilst in 
Italian lees, where plaster is not 
used, the* tartaric acid exists chiefly 
as the acid potassium salt. The beuc- 
licial effect of tli(3 addition of native 
plaster, which contains calcium car- 
bonate, in reducing the acidity is due 
to the fact that calcium tartrate is 
j)iecipitate<l, ami a solution of neu- 
tral ]»otassiiini sulphate produced in 
which potassium liitartrate is very 
slightly soluble. Argol is the ini- 
]>ure potassium bitartrate deposited 
oil the sides of the cask, whilst tar- 
tars, some of which coutaiii as much 
as 7(> per cent, of tartaric acid, are 
manufactured from the argol by ex- 
traction with hot water ami crystal- 
lization. He had found that the 
indirect methods of estimating the 
amount of tartaric acid iu these sub- 
stances by di'termining the potash, 
lime, and siiljiliuric acid present, and 
calculating the tartaric acid as acid 
potassium tartrate, and neutral cal- 
cium tartrate, wcri3 open to grave 
objections, since the sulpluinc acid 
l>rcscnt miglit exist citlus’ as potas- 
sium or calcium salt. 9’hcsc objec- 
tions a])])lied v\’itli still greater force 
to the analysis of let's. It was neces- 
sary, therefore, to devise a method 
for determinating the amount of tar- 
taric acid directly. This was effected 
by adding a slight excess of potas- 
sium oxalate, neutralising witli 
1 iotas h and separating the calcium 
oxalate precipitate, i'o tlie filtrate, 
which now contains all the tartaric 
acid as neutral jiotassium tartrate, 
citric acid is added in excess ; this 
preei])itates the tartaric acid as acid 
potassium tartratd’, which is col- 
lected and weighed, a correction 
being made for that remaining in 
solution. It is a curious fact that, 
although pure citric acid can be neu- 
tralised by chalk, concentrated lime- 
juice cannot. This seems to bo 
owing to the phosphoric acid and 
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iron present in the latter, as it was 
found to be impossible to neutralise 
a solution containing iron, citric 
acid, and phosphoric acid even by 
protracted boiling with chalk. 

Inverted Sugar. — M. Mau- 
menc has described to the Fi’ench 
Academy a scries of experiments on 
inverted sugar, so called fnnii its 
action on })olarised light. Cane sugar, 
consisting of C,Jk- crystallis- 

able, and produces a riglit-handed ro- 
tation of polarised light, iiiverted 
sugar, stated to be composed of 
C„lI,.X),i, is not erystallisable, and | 
gives a Icft-hajuled rotation. jVI. 
AlauuK'Uc lin«ls inverted sugar lias 
no constant coinjxisition, Init is a 
niixturc of various proi)oi'ti()iis of 
giycosc, eliyiariose, and nentral 
sugar. Acting upon v(ny white 
oSbirbonne lioney with alcohol of | 
bO'' C., then cooling the solution to { 
near zei'o s(^]>arating a lieavy ] 
layer, adding water, and iiltt'ring, i 
gives a ilnid wldch is easy to ex- ! 
amine witli a sacadiarimcter and 1 
marks zero— it contains mniti'a.! 
sugar. Acting n[)on tliis sugar with 
lime water, ])assing tlirouglj it a 
current of carbonic acid, whicli oc- 
casions a ])urc bine ])rocipitate of 
carbonate of lime, and liltering, 
affords a Sfdution that gives a 
I’ight-hajided rotatio]! of 8' to 
l(h. ''riic snbstanec left on the 
filter was divid('d into two parts, 
and to one water vas added, <lis- 
solviug tfn; ehylariose and giving a 
very whiter prcciptatc of carhouate 
of lime. The clear fluid produced 
a left-handed. r(dation of 5®, ccpial 
to “-lyxY for a volume of 100. The 
insoluble matter diffused through 
water carbouattal amlliltered sliowed 
Id'" hift rotation, oi‘ 01 for a volume 
of 100. M. Manni(-ne adds that 
inverted sugar Inujis mncli more 
rt'adily tlian coiomon sugar — a fact 
of importance in analysis when the 
(juantity of ash has to be ascertained, 
— Aca<lcimj. 

Action of Ammonia on 


Flowers. — If flowers naturally co- 
loured violet are exposed to the 
smoke of a cigar, they are observed 
to change colour and assume a green 
hue, wliich is more pronounced the 
more intense the original colour. 
This effect may be had, e.g., with 
the Thlespi violet, or urnhel- 

htUi, and the Julian, or JJcspei'is 
■mafrondlis. The change is due to 
ammonia in the tobacco. Starting 
from this phcnonienou, I’rofessor 
(hi})ha has made a number of ex- 
])eT‘imeiit.s to ascertain the changes 
])rodnced l)y ammonia in the colours 
of different flowcjs. His method 
was to put a little ammouiacal solu- 
tion in a basin, aiul place a receiver 
over it, containing the flower. In 
tills way he found blue, violet, and 
purple ilowcis became green, car- 
mine-red flowers Idack, white flowers 
yellow, kc. JJic most singular 
changes were jiresentcd by flowers 
in wliicli several tints arc combined ; 
the red lines changed to green, the 
white to yellow, amt so on. Another 
rem.i,rkal)le example is that of 
fnc-hsias with white and red flowers, 
1 the ammonia changed to 
yellowy blue, and gre,ou. After the 
flowers liave undergone these 
changes, if they are placed in pure 
water, they retain their new colour- 
I ation several lioiirs, then gradually 
resume their original line. Another 
observation by AI. (labba is, that 
tlie flowers of Aster, which are 
naturally inodorous, acquire an 
agreeable aromatic odour under the 
influence of ammonia. They change 
from violet to red Avlicu moistened 
with dilute nitric acid. On the 
other hand, if ciielosed in a wooden 
case, wlie.ro they are exposed to 
vapours of hydrochloric acid, they 
assume, in six hours, a beautiful 
carmine rc<i, wliieli they retain, 
when plae(‘d in a dry and sliaded 
place, after being diied in the air, 
and in ilarkuess . — English Me-vlmnlc. 

Moderated Oxidation of the 
Carbides of Hydrogen: Amy- 
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len. — M. Bertlielot(Co?ji/)ie.s llendus). 
— The constitution of organic com- 
pounds, i.e., the system of more 
simple bodies by means of which 
the former may be jiroduccd, and 
■which may in turn be reproduced 
therefrom, should be studied by 
having recourse to tlie most mode- 
rate reactions, the lowest tempera- 
tures, and the least violent agents. 
For instance, pure chromic acid 
should be preferred to bichromate of 
potash mixed with sulpliiiric acid, 
which most chemists employ in 
studying the constitution of the 
carbides of hydrogen by way of 
oxidation, and whicli they designate 
by tlie abridged but incorrect name 
of chromic acid. In fact, true chro- 
mic acid gives rise to products Jess 
remote from the oxidised body, es- 
pecially if it is used cohl, ;ind in a 
dilute solution, under which circum- 
stances it gives up mcreJy the tiftli 
part of its oxygen, aiul becomes 
chromic cliromatc, instead of losing 
the half, and passing into chrome 
alum. The author has already 
shown the eflicacy of tliis reagent 
for cliauging camidit.'ii into camphor, 
ethyleii into aldehyde and jicetic 
acid, acety len into acetic acid, allylen 
into oxide of allylen and ju'opionic 
acid, propylcn into aceton and pro- 
pionic acid. He now extends Jiis 
researches to amylen derived from 
amylic alcohol of fermentation, as 
well as Jiydride of amylen of the 
same origin. A mixture of acids 
was formed in about tlic fol](»wing 


propoidions : — 

Valerianic acid . . . .‘{(i 

Butyric acid ....JO 
Propionic acid ... 1 7 

Acetic acid . . . . 1?8 

Formic acid .... .*» 


In the course of his experiments he 
finds that propionic acid is di.s]da(;ed 
by all the others ; next follows the 
butyric ; valerianic displaces the 
two former, but it is iu turn expelled 
by the acetic, and this again by the 


formic. These results, how'ever, 
are merely approximate, as there is 
always some partition of the base 
among the acids employed. The 
regulated oxidation of propyleu 
yields, as main products, propionic 
acid aud aceton, with a little acetic, 
formic, and carbonic acids. 

Salts of the fatty acids. — M. 
Bcrthclot {Conipics Jlnidns ). — The 
author finds that the alkaline salts 
of tlie fatty acids, in presence of 
water, beliave like coiiiponuds iuter- 
nu'diatc between the salts of the 
strong acids, which are not appre- 
ciably decomposed hy water, and 
the salts of tlie weak acids (car- 
bonates, borates, &c.), which arc 
partially dccom]tosed by water in 
the ratio of its (puiutity, and with a 
tendency' to the sinmltaneoiis forma- 
tion of an acid salt and of free base. 
This analogy betwe(?n tlie fatty acids 
aud the weak acids becomes more 
striking as their crjuivalents rise ; 
from formic acid, which is almost as 
energetic as the iioweiinl mineral 
acids, to the valerianic, whose neu- 
tral salts easily become acid by 
evajioration ; and to the stearic and 
margaric, whose alkaline salts 
(soaps) are readily decomposed ])y 
cold water. 

Piii’iDurin, synthesis of. — 
Pelix dc Lalande ( CountkH Itcinlufk. — 
Having caused nitrate of methyleii 
to act upon alizarin in sealed tubes 
at 10()'( forsevcral lioni's, the author 
obtained, alter eva])()ration of the 
li([nid, a body having the aspect of 
alizarin, and dyeing with aluminous 
mordants an orange-yellow ; not 
very bright. In contact with water, 
and more rapidly with alkalies, this 
substance is transformed into a new 
colouring matter, the projiertics of 
whicli have a certain analogy with 
purpurin, being, lil^e it, soluble with 
a gooseberry-red in alkalies, aud 
dyeing a red with alum mordants. 
Strecker, in obtained an 

analogous body by the action of 
fuming uitric acid upon alizarin. 
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When boiled in water it gave rise 
to a compound analogous to pur- 
purin, which Strecker namednitroxy- 
alizarin, or nitro-purpurin. The au- 
thor has prepared this body accord- 
ing to Strecker’s process, and finds 
it identical with the substance ob- 
tained by the action of the nitrate of 
methyl. Purpurin treated with nitric 
acid gave a body having the same 
properties as nitroxyalizariii, whence 
the author concludes that the latter 
is the nitro-compouud of purjuiriu. 
Hence he inferred that in the action 
of nitric acid upon alizarin it may 
be divided into two phases — the 
transformation of abzarin into pnr- 
purin ; and, secondly, the nitro- 
substitution of the latter. 

Photographs without Silver 
Salts. — PhoUHjrapluc Nev's. — Hr. 
Diamond lias ohtained very good 
prints by the following process : — 

SotiUlon No. 1 :-~ 

Kitrate of uranium ... .‘150 grains 
I Nitrate of copper .100 ,, 

Dissolve in 5 oz. of distilled w'ator, 
and pour into a fiat glass dish. 
Pass any ordinary paper through it 
which has been sized with gelatine ; 
ordiujiry writing-paper answer's re- 
markably well, blit thin Whatman 
or Turner’s paper he liiids to be tlic 
most reliable ; an inimersiou of a 
couple of minutes is sufficient to 
enable the paper to be tliorouglily 
permeated by the solution ; it is 
then suspended and dried in the 
dark, and will keep any length of 
time good for use, just as the old 
iodised jiaper docs in the calotypc 
jiress. 'J’hc paper will acipiirc a 
compactness vciy similar to wliat is 
called the vegetable parchment. In 
use, he believes it to lie as sensitive 
as the usual excited silver paper —ton 
minutes may bo a medium time for 
exj)Osure under an ordinary glass 
negative. When removed from tlie 
printing-frame, a faint resemblance 
of the future picture is observed. 
It should then be passed through 


the following solution, drawing it to 
and fro to insure equality of im- 
mersion. The image immediately 
starts out, of a rich, brownish red, 
and a bronze-liko lustre ; and when 
the exact exposure has taken place, 
there is little difference in viewing 
the image on cither side, the deposit 
being in the very substance of the 
pax)cr ; in fact, it gives a very 
X)lcasing result viewed through as a 
transiiarcncy. 

Solution No. 2 : — 

Fcrridcy anide of potassium . . h oz. 
Distilled water 20 oz. 

Wlien the image is fully developed, 
remove the x)icturc to another vessel 
having clear water in it, and wash 
away the soluble salts remaining, 
continuing the wasliiiig until the 
paper is clear, and then dry it. 

.No lixiug is required, and it may 
remain without lieing mounted un- 
less desired ; if jn’inted with a mar- 
gin, and a shaped mask used, it 
liecomcs admirably adajjtod for book 
illustration, and avoids the dia- 
agrcealde curling iq) which so often 
is the case. 

If tbc|)a]>('r, after being sensitised, 
has mure than a small amount of 
light admitted to it, there will be a 
dilliculty in removing the waste 
salts. This is the chief care found 
to be requisite. 

Some prints of ecjual excellence, 
possessing a velvety black tone, are 
X)roduced by mcaiLS of a final im- 
mersion in a solution of tlic chloride 
of xilatiniim, and other tints by 
various other sidntions. 

Photographic Properties of 
the Salts of Vanadium. — J. 
(libbous (y.C6- A/o/ulc,'>‘) finds that a 
sheet of jiaper steeped in a solution 
of a vanadic salt, and dried, gives, 
oq cxx>osurc to the light, a good 
image under the infiueuco of uranic 
salts. 

Silver Nitrite. — Mr. Gatehouse 
(British Association). — The author 
gave the results of investigations 
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ittto tlic causes of what is termed l>y 
photographers “ woolliness” iu their 
negative l>aths. 

The live methods given of pre- 
paring the nitrite were as follows 

1. By mixing aoliitious of potas- 
sium nitrite and silver iiit)-ato. 

2. By sensitising a collodion film 
and evapor ating to dryness a mixture 
of nitr ite and nitrate is obtained. 

o. Jiy firsing silver nitrate with 
organic matter. 

4. By cleetr'olysis of silver nitrate 
with platinnm eieotr-odc. 

5. By means of metals jdaeed in 
neutral solution of silver nitrate. 

By this last method he found that 
metals which pr’odueed I'cduetion, 
viz., K, Xa, ]5i, llg, As, Tlr, did 
not pr'oduce nitrite, Init those which 
did not jrrodiicc rednetion, viz., F(\ 
Ni, Co, IMg, Zu, (ki, Bb, 8n, Sb, did 
produce nitrite. The former*, it was 
observed, bavc an niievcn cipiiva- 
leuey, and the latter an even cipiiva- 
lency, with tlie exception of Hgarid 
Sb. Tlic physical forms of the 
crystals wer e observed to vai*y from 
nodular masses to hliforrn crystals. 

Some Reactions *of Bromine 
and Iodine, --IToi'essor C. Sehor- 
lemmer (Lit. and I’bil. Soc., Man- 
chescr), — Although it is well known 
that iodine dissolves in chloroform 
and some otlier liijuids, suitli as 
carbon -s 111] )hide and ])ctidleum- 
naphtlia, with a fine ])urplc and 
bromine with a yellow colour, it 
seems not to be known that, under 
certain conditions, a colourless solu- 
tion may be obtained containing 
both these elements in the free 
state. 

Thus on adding dilute chlorine 
water drop by dro]) to a weak 
solution of ])otassium iodide and 
bromide, containing an excess of the 
hitter, and sliaking the licpiiil at the 
same time with ehlor’rrfonn, the 
])urple colour* of tlie iodirre makes 
its appearance, but gradually be- 
comes fainter and at last disappears 
completely. It is. however, not 


easy to hit exactly the point, when 
the chloroform becomes quite colour- 
less, but this is readily effected by 
adding so much chlorine water that 
the chloroform assumes a faint 
yellow tint, and then shaking the 
liquid with a cold and dilute solution 
of sodium bicai*bouatc, which must 
be carefully added drop by drop. 
It is easily proved that tlie colour- 
less solution tlnis formed contains 
both free bromine and iodine, for on 
adding more bicar’boriatc, in order 
to j‘cmove the fi'ce bromine, the 
purple colour gradually ai»pears 
1 again. 

J am not able as yet to explain 
these facts ; it is not a case of two 
eonqileinentaiy colours neutralising 
each other as 1 first assumed ; for 
on mixing dilute solutions of the 
two elements in dry chloroform no 
colourless solution can be obtained, 
ll seems that the jn’csencc of water 
has .something to do witli it, for on 
adding the .solution of bromine to 
that of cliloroform until tbe purple 
is clianged into a light brown, then 
sliaking well with water, the colour 
of the chloroform becomes much 
paler and even disappears ahnost 
conqdetely. 

Action of Electrolytic Oxy- 
I g*en on Vinic Alcohol. — A. 
j Ib'iiard {Chrmiail AVa‘,s‘). - When 
j vinie alcohol, mix(;d with about 
j b ])er cent, of water acidulated with 
I one-fourth of sul])hurie acid, is sub- 
j mitted to the ciurent of four or five 
Bunsen elements, there is oliserved 
an abundant escape of hydrogen gas 
at the negative pole, whilst at the 
positive pole no gas is disengaged, 
tlie oxygen being eousumed in oxi- 
ilising the alcohol. After forty-eight 
hours, when operating iqion about 
KM) e.e. of a mixture of alcohol and 
.'icidulatcd ivater, the experiment is 
eonclnded. k’he liquid has a faint 
amber tint, if distillcil, it begin.s 
to boil at 42' to 4.‘l C., and its 
boiling point gradually rises to 8(T C. 
Th«> distillate, treated with chloride 
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of calcium, sends up to its surface a 
liquid of a powerful odour, the 
quantity of ■which increases on 
adding water to the saline mixture. 
If the liquid is submitted to frac- 
tional distillation, it yields formiate 
of ethyl mixed with aldehyd, and a 
large quantity of acetate of ethyl ; 
but, besides these products, there 
are formed acetal, and a new body — 
monoethylate of ethyliden. These 
two compounds, in spite of tlicir 
elevated boiling points (88“ to 90^ 
and 104° C. ), are nevertheless found 
among the first portions which distil 
over, by reason of tlieir small pro- 
portion. 

Inflammability of Glycerine. 

— Herr Oppenheim (JJeiU. (Jhem. 
Oes .). — Using some chemically pure 
glycerine (sp. gr. 1‘2G01)) from a 
candle manufactory in Vienna, tiie 
author found, that wlien heated to 
150° C. it took fire and burned with 
a steady, blue, non-luminous fiarae, 
giving out no smell (even after 
extinction), and leaving no residue. 
Glycerine of less specific gravity 
may bo lit from a wick . 

Passing the Mixed Vapours 
of Carbon Bisulphide and Al- 
cohol over Red-Hot Copper. — 
T. C’arucllcy (Chemical Society). — 
7die author tliought it possible that 
])y this means normal pentane miglit 
be formed ; but it was found tliat 
the products consisted of etliylene, 
acetylene, methane, hydrogen, and 
carbon oxy sulphide, but that ncithei’ 
sulphuretted hydrogen nor sul- 
phurous anhydride was produced. 
With the exception of the carbon 
oxysulphide, therefore, the same 
result was obtained as when alcohol 
vapour is passed through a red-hot 
tube. 

Kauri Gum. — {Nature). — One 
of the chief products of Auckland, 
New Zealand, is this gum, the semi- 
fossil resin of Daimiiara australis. 
It is found in no other part of the 
world. The resin is f oun cf at a depth 
of from two to three feet from the 


surface, over a large area of land 
once covered by Kauri forests, and 
as many as 2,000 men have found 
employment at one time digging up 
the Kauri resin. The Maoris bring 
a considerable quantity to market. 
The best quality fetches at Auck- 
land from *M)l. to 38^. per ton. 

Tobacco Smoke.— Ur. Otto 
Krause {Dhvjler Poly tech. Jour.) 
finds tobacco smoke always to con- 
tain a considerable quantity of car- 
bonic oxide. The after effects of 
smoking, he says, are principally 
caused by this poisonous gas, as the 
smoker never can prevent a part of 
the smoke from descending to the 
lungs, and tlius tlie poisoning is 
unavoidable. The author is of 
ox)inion that the after effects are 
the more energetic, tlie more in- 
experienced the smoker is. A 
writer in Nature asks, with refer- 
ence to the above statement: — “Is 
Dr. Krause acquainted with the 
manner in whicli cascarilla bark 
modifies the piiysiological effects of 
tobacco smoking? The addition of 
a few very small fragments of the 
bark can hardly be supposed to 
materially afiect the amount of car- 
bonic oxide produced ; and yet, with 
such an aclniixtui’c, the strongest 
tobacco may be smoked by a tyro 
without, in most cases, the ]>roduc- 
tion of the usual nauseating effects.” 

Wax and Honey. — Dr. de 
Dlanta Keichonau ( de <le}ier>e). 
— The presence of nitrogen in honey 
has often been questioned. The 
author, however, after analyses of 
many varieties, has proved the 
existence of nitrogen, although not 
in greater proportion than 0‘0781 per 
cent. This nitrogen occurs under 
three distinct forms ; as an albu- 
minous substance coagiilable by heat, 
and as two other nitrogenous bodies, 
one soluble and the other insoluble 
in alcohol ; the latter substances are 
found in nectar, but the coagulable 
albumen not occurring in the juice 
of the flowers, is referred by the 
H 



98 


THE YEAR-BOOK OF FACTS. 


author to a secretion by the bee, 
which becomes mixed with the nec- 
tar. Honey is therefore strictly a 
nitrogenous body, and not simply a 
carbo-hydrate. Bees’ wax contains 
0’597 ]^r cent, of nitrogen. 

MilK in Health and Disease. 
—A. H. Smee (Chemical Society). — 
The author finds that, although milk 
taken from herds of cows exhibits 
great uniformity in composition, yet 
the milk from iiidiAddual cows is 
liable to considerable variation ; 
moreover it is possible for good aver- 
age milk to be watered to a limited 
extent without detection. He ob- 
served, also, from a comparison of 
the milk from cows fed on ordinary 
meadow grass and on grass from a 
sewage farm, that in the latter case 
the milk went putrid after thirty-six 
hours, and the butter became rancid 
rapidly compared witli that made 
from the milk of cows fed on ordi- 
nary meadow grass. These effects 
wore more apparent in spring than 
in the latter part 'of summer. On 
three or four occasions, also, he 
noticed that, wlien tlie milk of cows 
fed on sewage grass was placed on a 
dialyser, the casein passed through 
the membrane, from which it would 
appear that the casein existed in 
these milks in a modified form. 
Moreover, milk which had been ex- 
osed to sewer-gas from an untrapped 
rain, although on analysis it ap- 
peared to be unaltered in composi- 
tion, yet when distilled at a low tem- 
perature (160° F.) yielded a distillate 
which had a very offensive smell. 
It also caused intense headache, 
which was followed by diarrluea. 
He also examined the milk of cows 
suffering from foot-and-mouth dis- 
ease andfrom milk fever, and thought 
that the methods employed by public 
analysts were not sufficiently deli- 
cate to detect the slight physiological 
changes which may take place in so 
Comdex a fluid as milk. 

Presence of Peroxide of Hy- 
drogen (H^O,) in tlie Sap of 


Plants. — J. Clermont {Comptes 
Rcyidus ), — The researches of Schon- 
bein and Meissner demonstrate that 
the molecule of oxygen (which they 
regard as diatomic), is transformed 
under the influence of electricity into 
ozone and antozone, one of the two 
atoms composing the molecule being 
charged with negative, and the other 
with positive electricity. Antozone, 
or electro-positive oxygen, cannot be 
produced without a parallel develop- 
ment of electro -negative ozone, and 
vice versa. M. Meissner has further 
shown that antozone has the power 
of causing water to pass to a higher 
state of oxidation, On the 

other liand, it appears that a great 
part of the oxygen liberated by 
plants is found in tlie state of ozone. 
Tlie author lias, from these considera- 
tions, been led to seek for peroxide 
of hydrogen in the juice of a great 
variety of plants, such as tobacco, 
the vine, lettuce, &c; The plants 
were ipiickly bruised in a vessel con- 
taining distilled water, whicli being 
then examined with Schonbein’s test 
— a mixture of iodide of potassium, 
starcli, and a proto-salt of iron — 
gave distinct indications of the pre- 
sence of peroxide of hydrogen.. 
Formation of Sugar in Fruits. 
— M. Mercadante {Chcinical News). 
— In the first period of their exist- 
ence fruits behave like leaves, de- 
composing carbonic acid under the 
influence of the sun’s rays, and giving 
out oxygen. In the second iDeriod 
they absorb oxygen and give off car- 
bonic acid. In the third the sugar 
which they contain passes into the 
alcoholic fermentation. On the 20th 
of May the author began to deter- 
mine the acidity and the sugar in 
green plums. The acidity and the 
sugar were found to increase very 
sensibly. The branches contained 
no other acid than the malic, accom- 
panied by pectic and gummy matters. 
The fruit behaved exactly like leaves 
with respect to the air, giving out 
oxygen by day and absorbing car- 



CHEMISTIIY—AGRICULTURAL. 


99 


bonic acid. Continuing his analyses 
he found that the maximum acidity 
was when the fruit began to give off 
carbonic acid by day. It contained 
then 27i> of malic acid in 100 of 
pulp. The sugar is derived from 
tile prolonged action of the malic 
acid upon tlie gummy matter, which 
in the earlier analyses amounted to 
0’21 per cent, of pulp, but in the 
second to at wliich (j[uantity it 

remained nearly constant, .‘T27 per 
cent, of gum being still found on 
July 18. The successive changes in 
the amounts of sugar and malic acid 
are shown in the following table : — 


June 20 . 
„ 24. 

„ ao . 
July 4 . 


Suj^ar. M li<*. Acid. 

I (>-52 2-7(> 

1()04 2-4G 

10 *78 2*1(> 

17 ’048 l-rj7 

17-88 0-82 


The acids themselves thus appear to 
be transformed into sugar. 

Functions of Fungi. - M. 
Miiutz {Chemlml News).— It is well 
known that fungi, placed in an at- 
mosphere containing oxygen, absorb 
this gas, and give out carbonic acid 
in equal volume. Marcet shows that 
when the oxygen is consumed they 
develop carbonic acid at the expense 
of their own substance, but tlieir 
production of hydrogen is not unani- 
mously accepted. The author’s ex - 
periments prove that if oxygen is ex- 
cluded the production of hydrogen 
is considerable. 

Guano. — Ceorge Bird wood 
(Athentcurn ). — The mention of Guano 
in the following work is probably 
the earliest use of the word in any 
book in the English language. Tlie 
title of the book is “Tlie Art of 
Metals, &e.,” by A. A. Barba, 
Curate of St. Bernard’s, Potosi, Peru, 
1G40. Translated in the year 16G9, 
by the K. H. Edward, Earl of Sand- 
wich. 

The extract is from pp. 6, 7 : — 
“Out of Islands iu the South Sea, 
not far from the City of Arica, they 


fetch Earth .... It is called 
Guano (i. c. Dung), not because it is 
the dung of Sea-fowls (as many would 
have it understood), but because of 
its admirable vertuc in making 
ploughed ground fertile. It is light 
and spongy, and that which is 
brought from tlie island of Iqueyque 
is of a dark grey colour, like unto 
Tobacco ground small. Although 
from other Islands near Arica, they 
get a white Earth inclining to a 
sallow, of the same vertne. It in- 
stantly colours water whereiuto it 
is put, as if it were the best leigh, 
and smells very strong. The quali- 
ties and vertiics of this, and of many 
other sim])les of the new world, are 
a large Geld for ingenious persons to 
discourse Philosophically upon, when 
they shall bend their minds more to 
the searching out of truth than 
I riches.” 

Powdered Manure. — M. 
Menier {Ann. de Chim.), seeks to 
show tliat pulverisation renders the 
effect of the manure more rapid ; 
and that in x'>nlverising the manure 
mechanically, instead of leaving it*to 
he done by the weather, there is 
considerable economy ; that wind 
or watermills which have been aban- 
doned as mills for corn or oil, may 
be used as mills for manure ; and, 
lastly, that phosjjhatised or potassic 
minerals, that arc useless in the 
rock -form, become fertilisers when 
reduced to impalpable powder. 

Solubility of Phosphates. — 
Jules Joffre {Chnntcal Neivs ). — In 
France it is generally admitted that 
the soluble phosphate of all manures 
is immediately rendered insoluble 
under the iiiHuence of the carl>onate 
of lime found iu arable soils. These 
views require to be considerably 
modified when certam substances 
afre present. The acid phosphate of 
lime (CaP.^Op 2 H 5 jO) brought in 
contact with carbonate of lime in 
excess and with much w'ater gra- 
dually loses its solubility. But if 
certain substances are added, the 
II 2 
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result may be very different. The 
author placed 0*11 grm. of phos- 
phoric acid, in the state of acid 
phosphate, in contact with 4 to 5 
grms. of carbonate of lime, and left 
them for some days. There re- 
mained, after the lapse of a few 
days, only 21*8 per cent, of solid )le 
phosphoric acid. On adding oxalate 
of lime theie remained, after an 
equal time, 39*1 per cent. On add- 
ing sulphate of ammonia there re- 
mained 30*9 per cent.; and on add- 
ing oxalate of ammonia there re- 
mained 68 *2 per cent. A mixture of 
oxalate of lime and sulphate of am- 
monia acted like oxalate of ammonia. 
The author finds also that phospho- 
giianos, i. e., guano rendered soluble 
by the addition of sulplinrie acid, 
preserve their solii))ility much better 
than super-phosphates, owiug doubt- 
less to the organic matters, and 
especially to the oxalic acid whicli 
guano contains. 

Eflfects of Manures on Crops. 
— Messrs. Lawes and Gilbert. — With 
regard to root crops, the authoj's 
give the following general results 
of their Field Experiments at I loth- 
ampsted. (1) Without manure of 
any kind the produce of roots was 
reduced in a few years to a few ewts. 
per acre ; but the diminutive plants 
(both root and leaf) contained a very 
unusually high percentage of nitro- 
gen. (2) Of mineral constituents 
phosphoric acid (in the form of super- 
phosphate of lime) was by far the 
most effective manure ; ljut, when 
this manure is useijl alone, the im- 
mediately available nitrogen of the 
soil is rapidly exhausted ; three 
really large crops of turnips can be 
obtained only when the soil supiilies 
a liberal amount of nitrogenous 
(and carbonaceous ?) matter, as well 
as mineral constituents ; and when 
they are already available within 
the soil, or are supplied in the form 
of farm-yard manure, rape-cake, 
(3) Peruvian guano, ammonia salts, 
&c., the rapidity of growth and the 


amount of the crop are greatly in- 
creased by the use of superphosphate 
of lime applied near to the seed. 

Alum in Bread. — Prof. Wank- 
lyn (Soc. of Public Analysts). — Tlje 
author prefers Dupre’s mode of 
analysis. This method has been sub- 
mitted to a prolonged investigation 
in his laboratory, witli the follow- 
ing results. He says : — The quan- 
tity of bread which J operate upon 
is 100 grms., which, having been 
weighed out, is incinerated in a 
large platinum dish cai)able of hold- 
ing the whole ijiiantity at once. 
The incineration is managed at a 
comparatively low tempcT’aturc, and 
takes some four or live hours, the 
Xdatinum dish being heated by means 
of a large Bunsen burner, abund- 
antly siqqdied with air. It is well 
to continue the ignition until the 
bread-ash is nearly completely burnt, 
and it is advisable to weigh the dish 
containing tlie ash. Tlie weight of 
the ash should not sensibly exceed 
2 grms. The ash having been ol>- 
taiued, is tlien moistened with 3 c.o. 
of jnire strong hydj'ocliloric acid, and 
then sonuj 29 or 30 c.c. of distilled 
water is added, and the whole is 
boiled, liltcred, and the ]>recipitat(} 
washed several times with boiling 
water. Ju this manner a precipitate, 
consisting of silica togetlier with some 
un burnt carbon, is left on the filter, 
whilst the filtrate contains the pluiS- 
Xdiates. The precipitate, which, 
after lieing burnt, consists of silica, 
is weighed. The filtrate is mixed 
with 5 c.c. of lup ammonhe (sj). gr. 
0*880) whereby it is rendered power- 
fully alkaline and opaque, -owing to 
the jirecipitation of the jiliosphates. 
It is finally mixed gradually with 
some 20 c.c. of strong acetic acid, and 
as the acid is being poured in, the 
observation may bo made that the 
liquid is alkaline and opaque until 
some 5 c.c. of acid has been added ; 
that when about 10 c.c. has been 
added the liquid is acid and much 
clearer, aud that at least 10 c.c. of 
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stroug acetic acid is added after the 
establisliment of a distinctly acid 
reaction. The liquid is then boiled 
and filtered, and the precipitate, 
consisting of phosphates of alumina 
and iron, well waslicd with boiling 
water, ignited, and weighed. The 
last step is the determination of the 
iron in the weighed precipitate, and 
this is accomplislied either by re- 
<Uictioii and titration with standard 
solution of permanganate in the well 
knowni manner, or else by a colour- 
process, viz., by titration with fer- 
rocyanide of potassium. In cases 
where the (piantity of iron to be 
measured is minute, 1 prefer the 
colour-process, wliich is very simple 
and easy of execution to all peraons 
who are familiar with the ammonia- 
process of water-analysis. 

Fluorescence as a Test for 
Adulteration. — Dr. C. K. 0. Ticli- 
borne (Koyal Irish Academy) shows 
that fluoresceuce may be cnqdoyed 
as a mctliod for detecting adul- 
teration, If the sulistance used in 
adulteration possesses lluoresceiit 
properties and the body so sophis- 
ticated docs not,— as, for example, 
turmeric employed to adulterate 
mustard, — the fluorescence of the 
turmeric, even in the smallest quan- 
tity, determines the fact of its 
presence. ( 'astor oil passed through 
adulterated mustard is perccjitibly 
fiiioresceut if only O'ii per cent, of 
turmeric is present. 

Detection of Lead in the Tin 
Lining of Vessels. — M. Fordos 
{Comjticfi Jicndns). — Tlacc, with a 
tube plunged in jiure nitric acid, a 
slight layer of acid upon any j)art of 
the tinning, selecting by ])rcfcrcnce 
the thickest jwrts. Uotli metals lire 
attacked, forming stannic oxitle and 
nitrate of lead. After a few minutes, 
heat slightly to expel the last traces 
of acid, and allow to cool ; then ' 
touch the pulverulent spot produced 
by the acid with a tube dipped in a 
solution of 5 parts of iodide of 
potassium in 100 of water. The , 


iodide has no action upon the oxide 
of tin, but with the nitrate of lead it 
forms yellow iodide of lead. 

Detection of Methylic Al- 
cohol (Wood-Spirit) in Vinous 
Alcohol. — A. Iliehe and C. Bardy 
{Compieti Rev dun ). — The wood-spirit 
used in the adulteration of ordinary 
alcohol marks 98“ on the alcoho- 
lometer, and its smell and taste are so 
slight as to e8ca])e notice xvhen it is 
mixed in slight proportions with an 
alcoliolic liquid. If a mixture of 
alcohol, containing 10 to 15 per cent, 
of this wood-spirit, is distilled, a 
small quantity of liquid may be 
se|)aratcd l)y means of fractional 
distillation, which goes over at 78° 
C. The authors detect and estimate 
methylic alcohol in ordinary alcohol 
])y the following neat method : — 
Introduce into a small liask 10 c. c. 
of the alcohol, with 15 grins, of 
iodine, and 2 grins, of red phos- 
phorus, and distil immediately, col- 
lecting the product in 30 to 40 c. c. 
of water. Tlie alcoholic iodide pre- 
cipitated at the bottom of the liquid 
is se^iarated by moans of a funnel, 
wliich is stoppered with the finger, 
and is collected in a flask containing 
0 c.c. of aniline. The mixture 
grows hot ; the reaction is assisted 
by liolding tlie llask for some 
minutes in warm water, and mode- 
rated by placing it in cold water 
if a brisk ebullition sets in. After 
the lax)8o of an hour, very hot water 
is xiourcd into the flask to dissolve 
the crystals formed, and the liquid 
is brought to a boil until it becomes 
clear. To this is added an alkaline 
solution, which sets free the alka- 
loids in the form of an oil, which is 
raised iqi into tJio neck of the flask 
by the addition of a sufficient quan- 
tity of water. The oxidation of the 
alkaloid may be effected by means 
of jicrchloridc of tin, or, better, by 
Hofmann’s mixture, consisting of 
JOO grms. of quartz sand, 2 grms. 
of chloride of sodium, and 3 grms. 
nitrate of copper. Of this 10 grms. 
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are taken, upon which 1 c. c. of the 
oily liquid is allowed to flow, and 
carefully incorporated by means of 
a glass rod. The mixture is placed 
in a test-tube of 2 centimetres in 
diameter, which is heated to 00'" C. 
in the water-bath for eight to ten 
hours. The matter in the tube is 
then exhausted by three successive 
treatments with luke-warm alcohol, 
which is thrown upon a filter, and 
made up to the volume of 100 c. c. 
Pure alcohol gives a liquid of a 
reddish-wood shade. Alcoliol con- 
taining 1 per cent, of methylic spirit 
gives a solution which appears dis- 
tinctly violet when compared with 
the former. With 2 ‘5 per cent, of 
wood- spirit the result is a very de- 
cided violet, wliich is deepened con- 
siderably as the proportions rise 
from 5 to 10. The liquids maybe 
examined colorimetrically, in tubes 
of the same calibre, being compared 
with the results with those yielded 
by mixtures of wood-spirit and al- 
cohol in known proportions. Or 
swatches of bleached woollen tis- 
sues, of e(pial weights, may be dyed 
iu the liquids. If the alcohol is 
free from methylic spirit, the wool 
remains white, whilst samples con- 
taining methylic spirit yield violet 
shades. 

Detection of Coal - Tar 
Colours in Sugar.— The method 
described above also serves to show 
whether coloured sugars owe tlieir 
shade to the natural matter formed 
during the boiling of the juice, or if 
they have beeu artificially coloured 
with coal-tar compounds. Take 
8 to 10 grms. of the sugar, and 
agitate it for about ten minutes 
with a few centimetres of alcohol 
imxed with a little ammonia. The 
solution is next to be decanted, 
evaporated almost to dryness, the 
residue taken up in a little water, 
and a small piece of white merino 
suspended in the boiling liquid 
for some minutes. If the colour is 
natural, the stuff is not dyed, but 


if the sugar has been coloured with 
any coal-tar preparation, it takes a 
very decided yellow or brown tint. 

Detection of Amylic Alcohol 
in Spirit of Wine.— Dr. Giro Be- 
telli (Oaz. Chim, Hal.). — Dilute 
5 c. c. of the suspected alcohol with 
(> or 7 volumes of water. Add 15 
or 20 drops of chloroform, shake 
strongly, and leave at rest. The 
deposit of chloroform is (collected, 
and allowed to evaporate sponta- 
neously, when the amylic alcohol is 
left as a residue, and may be recog- 
nised by its well-known odour, its 
reaction with sulphuric acid, &c. 

Alcoholometry. — Ascertaining 
correctly the per centage of alcoliol 
in wines is a matter of great im- 
portance to the wine-growers and to 
ourselves, as it ;dctermine8 the 
customs duty they have to pay. 
The processes ordinarily used are 
said to be defective, and to render 
an error of half per cent, or more 
very easy. Accordingly, the French 
Academy has referred to MM. 
Dumas, Desaius, and Thenard an 
apparatus presented for exaraina- 
tiou by M. Malligand. It is a mo 
dilication of the instrument con- 
trived thirty years ago by the Abb6 
Vidal, and its indications depend on 
the different boiling-points of alcohol 
and water in various proportions. 
When such a mixture is brought to 
the state of ebullition in an open 
vessel, there is a rapid escape of 
alcohol, with corresponding change 
of the boiling-point. This was one 
of the defects of tlie Vidal appa- 
ratus. In tliat of M. Malligand, 
the vapours arc condensed, and re- 
turned to the boiler, so that the 
indications arc constant for several 
minutes. The little boiler is first 
lillcd with water, then heated to 
ebullition by a “thermo-siphon” 
and spirit-lamp, and a movable 
register placed against the degree 
indicated by the thermometer of the 
apparatus. The water is then re- 
placed by wine, and the difference 
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of the boiling-point noted. The re- 
ferees made numerous experiments, 
detailed in their report, on various 
wines, on the influence of saccharine 
and other matters upon boiling- 
points, and the best means of avoid- 
ing errors, and they sum up their 
conclusions thus : — ‘‘The Malligaud 
ebullioBcope shows, that if the 
greater part of the flxed and soluble 
matters retard the boiling-point of 
an alcoholised liquid, they also 
lower it sensibly ; that such matters 
are always found in wines, though 
in diflferent proportions ; that in 
table wines, whose fermentation is 
completed, these matters are so 
compensated that the boiling-points 
correspond with those of water 
alcoholised to the same degree : 
that with liqueur wines, and those 
whose fermentation is incomplete, 
the boiling-point is raised, but by 
diluting them with a convenient 
quantity oi water, the anomalies 
disappear ; that under the worst 
conditions the error will not exceed 
one-sixth of a degree, and in most ’ 
cases not more than one -twentieth ; 
tiiat the testing operation is easy 
and rapid ; tliat more than 100 in- 
struments, at present made, give 
similar results ; that the Malligaud 
ebullioscope supplies the best known 
means of ascertaining the percen- 
tage of alcohol in wines.” — 
u4 cademif. 

Detection of Alcohol in 
Wood - Spirit. — M. Berthelot 

{(Jomptefi Jleiidus). — The process 
consists ill mixing the suspected 
liquid witli double its volume of 
concentrated sulphuric acid. In 
these conditions methylic alcohol 
yields gaseous methylic ether, en- 
tirely absorbable by water or con- 
centrated sulphuric acid, whilst 
ordinary alcohol jiroduces ethylen, 
a gas almost insoluble in water and 
concentrated sulphuric acid, but 
which may be recognised and de- 
termined by causing it to be ab- 
sorbed in bromine. 


Gas-Hydrometer. — E. J. Mau- 

mend {Comptes Mencius). — Manufac- 
turers of sugar have long wished for 
a simple, practical, and inexpensive 
means of rapidly estimating the 
quality of lime as it comes from the 
kilns, that is to say, the true de- 
gree of its alkaline power at the 
moment when it is used in the 
form of milk. The author lias con- 
trived a new instrument for this 
purpose, and to which he gives the 
name gas-hydrometer, because the 
gas disengaged in the analyses for 
which it is adapted is measured by 
an eipial volume of water. It is 
not a mere calcimeter, or instru- 
ment for measuring lime, but at the 
same time a potassimeter, an acidi- 
meter, &c. The same instrument 
will serve the sugar manufac- 
turer in estimating the value of the 
lime, that of the limestone, that of 
the scum from carbonating, of the 
cakes from the filter, that of the 
acids employed in washing the bone- 
black, that of the black itself before 
and after revivification , The essen- 
tial portion is an india-rubber bottle, 
fastened by its neck to the end of a 
copxjer tube. The other extremity 
of this tube carries a caoutchouc 
tube fastened to a copper tube, 
twice bent, which traverses a caout- 
chouc stop})cr serving to close a 
flask in which the reactions are 
produced. Suppose, for example, 
that it is required to assay a lime- 
stone. Ten grms. are weighed and 
passed into the flask by means of 
a gutta-percha funnel. The funnel 
is washed with the amount of water 
which a tube of hardened caout- 
chouc contained therein will hold. 
The outside of the tube is then 
wiped, aud filled to 2 centimetres 
of the mouth with hydrochloric 
acid, of sp. gr. 1T8 or 1*20. This 
tuibc is laid hold of by introducing 
into it a pair of brass forceps, the 
two arms of which, diverging at the 
extremities, lodge their hooks under 
a ledge in the mterior of the tube 
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and thus permit it to be easily 
lifted. It is let straight down into 
the flask, aud tho forceps are care- 
fully withdrawn without sijilling a 
drop of the acid. A copper cy- 
linder, which encloses the caout- 
chouc bottle, set in an upright 
position, is fiUed with water round 
about the bottle. It is closed with 
a stopper of caoutchouc, pierced 
with two holes, through oue of 
which passes the copper tube above 
mentioned, and through the other a 
tube of metal to lead away the 
water. The flask being then closed 
with its stopper, the copper cylinder 
is raised into a horizontal position, 
and tho apparatus is ready for use. 
The flask is sloped gently to mix 
the acid with [the 10 grms. of stone. 
A disengagement of carbonic acid 
gas immediately swells the caout- 
chouc bottle, and the water sur- 
rounding it being displaced, flows 
into a graduated tube, where it is 
collected. The reading on the tube 
gives the volume of the gas. 

Nitrous and Nitric Acids in 
Water. — Hermann Kaemmerer 
{Monlteur Scientifiqitc ), — The author 
adds first acetic acid and a solution 
of starch in iodide of potassium. If 
the water turns blue, nitrous acid is 
present. If it remains colourless, 
a few drops of sulphuric acid are 
to be added. A blue colouration 
which darkens rapidly proves the 
simultaneous presence of nitrates 
and of easily decomposable organic 
matter. 

Methods of Determining 
Phosphoric Acid, used at the 
Agricultural Station at Halle, 
on the Saale. — 0. Abesser, W. 
Jani, and M. Maercker {Clwmkal 
News ), — The results of the authors, 
as far as the gravimetric methods are 
concerned, may be summed up as 
follows : — For precipitation with 
molybdate of ammonia a quantity of 
the sample is taken, containing from 
OT toO’2 grm. of phosphoric acid. 
The bulk of the liquid should be 


from 50 to 100 c. c. The molybdic 
solution is prepared by dissolving 
150 grms. molybdate of ammonia in 
1 litre of water, and pouring this 
solution into 1 litre of pure nitric 
acid. The quantity of solution used 
should be such, that for 1 part of 
phosphoric acid there may be about 
50 parts of molybdic acid. As the 
ammonium molybdate of commerce 
contains about 83 per cent, of 
molybdic acid, about 100 c. c. of 
the above solution are required for 
0*1 grm. of phosphoric acid. It is 
sufficient for the complete precipita- 
tion of the phosphoric acid to let 
the mixture digest for four to six 
hours at 50'" C. After cooling, the 
yellow j>recipitatc is filtered, and 
washed with a mixture of solution 
of molybdate of ammonia and water, 
equal parts. The yellow precipi- 
tate of phospho- molybdate of am- 
monia is dissolved upon the filter 
witli as small a quantity as possible 
of dilute hot ammonia, 1 part of 
commercial ammonia to 3 of water. 
It is necessary to neutralise the 
excess of ammonia with hydro- 
chloric acid. Hydrochloric acid is 
added as long as the precipitate 
formed re-dissolves quickly, 'i'he 
liquid must then bo cooled before 
adding the magnesian mixture, for, 
if hot, basic salts of magnesia are 
sometimes thrown down. The mag- 
nesian mixture is prepared with 
1 10 grms. of crystalline chloride of 
magnesium, 140 chloride of ammo- 
nium, 700 of liquid ammonia, and 
1300 of water. To precipitate 01 
grm. of phosphoric acid, we require 
10 c. c, of this mixture. After 
adding the magnesian mixture, we 
I)our in one-third of its volume of 
concentrated liquid ammonia. The 
total bulk of the liquid should not 
exceed from 100 to 110 c. c. In 
three or four hours the precipitate 
is ready for filtration. The precipi- 
tate is washed on the filter with 
dilute ammonia (3:1) until chlorine 
can no longer be detected in the 
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filtrate. No subsequent correction 
is needful. When dry, the precipi- 
tate is removed from the filter 
(which is burnt separately). The 
flame must be feeble at first, and be 
gradually increased. It is finally 
Ignited with the gas blowpipe. 

Distinctions between the 
Coal-Tar Colours. — {Chemical 
News), — The coal-tar reds most 
generally met with are magenta, 
saff'ranin, and red corallin. 'Jdic 
aqueous solution of magenta is 
coloured by acids a yellow ; that of 
saffranin a violet-blue ; and that of 
corallin gives a yellow precipitate. 

Three principal violets arc met 
with, the phcnylic, tlie iodine, and 
the mcthylic. Dissolve a part in 
alcohol, and add ammonia. If the 
solution becomes red, the colour is 
a phenyl-violet ; if it is completely 
discharged, wc have an iotline- or a 
mcthylic-violet. To decide between 
these two, dissolve a little of the 
colour in water and add ammonia, 
^riie iodine-violet is decolourised, 
and gives a clear solution, whilst 
mcthylic violets become colourless, 
but troubled. 

The two coal-tar blues at i^rescnt 
in the market arc aniline blue and 
Nicholson blue. The latter may be 
kuown ))y its forming a colourless 
solution in water, which turns blue 
on the addition of an acid. 

The most common greens are 
aldehyd green and iodine green, wuth 
or without picric acid. If the colour 
tlissolves in water it is iodine green ; 
if not, it is dissolved in alcohol, and 
a solution of potassium cyanide 
added. Aldehyd green is deco- 
lourised under the influence of this 
re -agent, whilst the picrate of iodine 
green is turned brown. 

The yellows are picric acid, with 
its salts, and naplithaliu yellow, all 
being soluble in water. Mix the 
aqueous solutioji with a solution of 
potassium cyanide, and heat, if 
the liquid becomes a reddish brown, 
picric acid or one of its salts is pre- 


sent. If the colour is merely some- 
what deepened, we have naphthalin 
yellow. To distinguish between 
free picric acid and its salts, a por- 
tion of the sample is moistened with 
benzol, and heated. If the body 
dissolves, it is picric acid, if not a 
picrate. 

Among the oranges the chief are 
— “Yellow corallin,” the salts of 
chrysanilinc and chrysotoluydin and 
“Victoria orange,” as well as a mix- 
ture of uaj)hthalin yellow and of ma- 
genta, known as “ aniline orange.” 
Dissolve a little of the sample in 
alcohol, and add some zinc and 
dilute sulphuric acid. If the liquid 
is decolourised it is coralliu j if it 
preserves its colour it is a compound 
of chrysanilin. If ammonia does 
not produce a red colouration, dis- 
solve a part of tlie sample in water, 
and add an acid. If there is no 
cliaugc, it is a compound of cliryso- 
tolnydin ; if a precipitate appears it 
is Victoria orange, or a mixture of 
both. To decide, take a small por- 
tion of tlio a(|ueou8 solution, and 
add solution of cyanide of p^otassium. 
If the liquor turns brown on heating 
we have A^ictoria orange ; if the 
shade is but slightly motlified, it is 
a mixture of naphthalin yellow and 
magenta. 

The chief browns are — Aualiiie 
brow'u, maroon, garnet, and tw'o 
]>henyl browns ; that prepared with 
carbolic acid, and that with p)heny- 
Icu-diamiu. Mxaminc if the sub- 
stance is soluble in water ; if not, 
add hydroehlorie acid. If the solu- 
tion turns yellow it is maroon ; if 
there is no change add a little am- 
monia. If a preeipntate appears, it 
is citlier aniline brown, or phenyl 
brown p)repared with pheuylen- 
diamin. If the ammonia produces 
no effect the colour is garnet (isopnr- 
purafe of potash), Phenyl brown 
is distinguished from aniline brown 
by adding cyanide of potassium, 
which precipitates the latter, while 
it has no effect on the former. 
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Simple Method of Determin- 
ing Iron. — W. Noel Hartley 
(Chemical Society). — This process 
was originally devised as a rough 
and ready one in the absence of 
proper chemical apparatus, but has 
since proved to be remarkably accu- 
rate, and a good method for students 
beginning quantitative analyses. 
Equal weights of tlic ore to be 
examined and of line iron wire 
(about 4 or 5 grins.) are dissolved 
and made up to the same bulk. A 
pipette full of each solution is then 
taken, and the ferric salt reduced to 
the ferrous state by warming with 
granulated zinc. Permanganate is 
used for the titration, the compara- 
tive amounts required for the pure 
iron and for the ore giving tlie per- 
centage of iron in the latter. 

Testing Leather. — M. Bitner 
{English Mrchanic). — A simple 
means of testing the quality of lea- 


Copper 1 Cj'aloiilated < 

Ilio 

Tinto. 

iMiriOO 

Iron j asCu,iFc 2 S 4 1 

;p()40() 

^nlpbur 

VrU'.m 
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*2 7500 

„ /.inc 

2-0‘200 

,, lead . . . 

0-4700 

Silver .... 

0-0037 

Oxide of cobalt . . 

0-0070 
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0 -01.30 

Ijime . . . . 
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Oxide of iron 

77-4000 

Sulphuric acid (80s) . 

o-iooo 

Arsenic aeid . . . 

0-2400 

Insoluble reinnaiit 

1 -4500 


00-4700 


ther consists in watching its beha- 
viour wlien treated with acids — 
jireferably acetic acid. Leather not 
completely saturated with the tan- 
nin will swell up ; but if the tannin 
has penetrated, the leather will not 
swell. 

Analysis of Burnt Pyrites.— 

C. Lunge {(Hmmical News). — Ac- 
cording to the analysis of M. Gibb, 
the pyrites of San Domingos, of 
Tharsis, and of liio Tinto, contain, 


on an average, 47 to 4!) per cent, of 

sulphur. 

Copper. 

Silver. 


Per cent. 
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Idle burnt ores, as delivered by the 
sulphuric acid makers to the copper- 
works, liavc the following compo- 
sition : — 
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()-‘2800 
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08 -00 
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5*8000 
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0 •2.500 

0-0.5 
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1-8500 
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100*2000 
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Distinction between Natural 
and Artificial Alizarin. — J. 
Weber proposes the following me- 
thod to show whether goods are 
printed red with extract of madder 
or with artificial alizarin. If the 
red in question is steeped in a solu- 
tion of permanganate of potash, and 
then passed into an acid, the red 
produced with extract turns a red- 
dish yellow, whilst that produced 
with artificial alizarin retains a de- 
cided rose colour. The two reds 


arc still better distinguished by suc- 
cessive treatment with bichromate 
of irotash and nitric acid. The red 
produced with extract is almost en- 
tirely discharged, whilst that from 
artificial alizarin retains a decided 
rose shade. If the tissu e thus treated 
is boiled for two minutes in soda- 
lye at 18° B., washed and dipped in 
hydrochloric acid at 20"‘ B., the red 
from artificial alizarin becomes light 
yellow, and that from extract a 
dirty orange. The experiments may 
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be performed as follows ; — The 
swatches are steeped for two minutes 
in a solution of 1 grm. permanganate 
in 200 c. c. of water, washed, plunged 
into hydrochloric acid at 3"^ E., j 
washed, passed again into pcrman- ! 
ganate of potash, washed, and linally 
passed into solution of oxalic acid 
at 1" B. if chromate is preferred, 
the swatches are steeped two or 
three minutes in a solution of 10 
grms. bichromate in 200 grins, water, 
drained, passed through nitric acid at 
5'' B., and washed. — Chevt.. Nttns. 

Weighted Black Silks. J. 
Persoz {j\/on/lcHr ScirjfftJiqtK). — 
Tlie author show's that weigiiting — ■ 
which began with the modest aim 
of making up the loss sustained in 
ungumming — is now carried to tlie 
extent of 100, 200, and dOO iier cent. 
'Phis increase of wciglit is jiroduced 
by treatment wdth salts of iron and 
astringents, salts of tin and cy- 
anides. 'The luilk is augmented 
proportionably to the weight. What 
IS sold as silk is a mere agglomera- 
tion of various matters dcvoitl of 
cohesion, held temporarily together 
by a small portion of silk. The 
elasticity and tenacity of the libre 
are reduced, and from being one of 
the most permanent of organic 
bodies, and sparingly combustible, 
it becomes fragile, and burns like 
tinder. It is, moreover, liable to 
undergo spontaneous decomposition, 
and to absorb gases with the evolu- 
tion of heat, which sometimes leads 
to actual combustion. 'Jlic adul- 
terated silk leaves an ash of oxide 
of iron, exceeding 8 per cent. Let 
us hope this adulteration is conlincd 
to French silks. 

On the Estimation of Carbon 
Bisulphide in Coal Gas. — A. 
Vernon Harcourt (British Asso- 
ciation). — The principle upon wddeh 
the success of the method depends 
is the following : — When carbon 
bisulphide is heated in the presence 
of hydrogen, sulphuretted hydrogen 
is formed. 


The apparatus consists of a llask 
filled with pebbles and asbestos (to 
expose a large surface to the action 
of heat), and surrounded by fire-clay 
cylinders, in which gas is kept 
burning. Tliis llask is connected 
through a solution of lead with an 
aspirator. Tliere are other con- 
nections also by means of which gas 
from the source requiring to be 
tested circulates through tlie flask 
and is burnt. When the llask has 
been heated for about twenty-four 
hours continuously (to exjiel all 
moisture), a measured (piantity of 
w ater is drawn oil from the aspirator, 
which causes the same volume of 
gas to bubble through the lead solu- 
tion, and on account of the presence 
of Hidphiirctted hydrogen to produce 
a decolour] sationoi’ the lead solution. 
A similar vessel containing the same 
(juantity of lead solution and a 
known (quantity of sulphuretted 
hydrogen is placed beside it, the gas 
being allowed to l^ubble through the 
first until the colour is judged to be 
e(jual]y intense ; tlie amount of sul- 
phuretted hydrogen in a known 
volume of the gas is thus found, 
and hence the amount of carbon 
bisulphide. Having once got the 
apparatus started, gases from several 
dilfcreiit sources may be tested. 

Value of Coals for Naval 
Purposes. — E. Eckersley, IkN. 
(Koyal IJiiitedScrvicc Institution).— 
"J’liat coal should bo selected which 
coutaiiis the least water. Coal con- 
taining sulphur should be avoided, 
as sulphur is very injurious to 
iron and destroys the* boilers, (kial 
containing the most lead is richest 
in carbon, the most valuable pro- 
jierty of coal. The amount of car- 
bon in coal can easily be discovered 
by powdering a little coal and burn- 
ing it ill a cruciblo with litharge. 
The Tintton of lead found in tlio 
bottom shows the proportion of car- 
bon according to its weight — the 
heavier it is the more carbon is there 
in the coal. 
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Appliances for Enabling 
Persons to Breathe in Dense 
Smoke (Tyndall’s Rkspiratoe). 
— Captain Shaw (Society of Arts). — 
To enable a mau to enter into and 
remain in a place strongly impreg- 
nated with mephitic or noxious gases 
two courses are open — one is to 
supply him with ])ure air from an 
external source ; the other to pro- 
vide him witli the means of filtering 
for himself such air as he found. 
For tlie first a convenient apparatu 
is the smoke jacket, consisting of a 
blouse of cowliide mounted with a 
hood that completely envelops the 
wearer’s head. Air is driven into 
the jacket by means of a pump out 
side. Another mode is to carry 
an air bag and two tubes which 
contain a supply of air that will 
last several minutes. 



Fig. 

For the second method the smoke 
cap is used, by means of which a 
man is able to lireathe when 
working in dense or poisonous va- 
pours. It partially closes the nose, 
and provides for the mouth a light 
closely-fitting filter with valves, and 


for the eyes a complete cover which 
will act as a protection, without 
obstructing the si^ht, the whole 
being capable of being put on and 
adjusted for use in a few seconds by 
the wearer without aid from any one 
else. The filter which separates the 
pure air from the smoke or noxious 
vapours, and which constitutes the 
specialty of the apparatus, is the 
invcutioii of Professor Tyndall, who 
has in the kindest and most liberal 
manner placed it at the disposal of 
the Metropolitan Fire Brigade. The 
hood fits close to tlie head, the lower 
fla]), or apron part, being tucked 
away under the collar of the tunic, 
TJie respirator (fig. D) consists of a 
valve chamber and filter tube about 
four inches long, is screwed on out- 
side, witli access to it from the 
inside by a wooden mouthpiece. 
The charge for the filter consists of 
the following materials, which are 
put in witli the tube turned upside 
down, and tlic lower valve removed : 

- -Half-an-ineli deep of dry cotton 
wool, an inch deep of the same wool 
saturated with glycerine, a thin 
layer of dry wool, half -an -inch deeji 
of fragments of charcoal, liaK-an- 
iucli deep of dry wool, half-an-inch 
deep of fragments of lime, and about 
an inch of dry wool. 

New Nitro-Glycerine Com- 
pound. — {Atlicncvnin). — Herr 
Trauzl, of the Austrian Jjliigineer 
<jor])S, has prepared a cellulose tissue, 
whicli will absorb from 70 to 75 
per ccut. of nitro-glycerine, forming 
therewith an explosive compound, 
which possesses the property of re- 
maining unchanged in contact with 
water, and of ])erfectly regaining its 
former explosive power, after being 
jiressed and dried. 

Gun-Cotton Water-Shells. — 

{iVatarc ). — The tenn ivakT'sheil de- 
notes not a shell of special form 
or construction, hut simply a new 
system of bursting shells of ordinary 
construction, elahoratcd by Prof. 
Abel nearly three years ago, by 
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which the breaking up of cast-iron 
shells into a large number of frag- 
ments and their dispersion with 
considerable violence is accomplished 
by filling the shell with water in- 
stead of with an explosive agent. 

In a memoir communicated by 
Prof. Abel to the Royal Society, it 
was pointed out that detonation was 
transmitted from a mass of dry com- 
pressed gun-cotton to distinct masses 
of the material saturated with water 
and separated from cadi other and 
from the detonating (or “initiative”) 
charge by small spaces tilled with 
water, the whole being enclosed in a 
case of stout wrought iron ; and Mr. 
Abel stated that the suddenness and 
completeness with which detonation 
was transmitted through small water- 
spaces had suggested to him the pos- 
sibility of aj)plyiug water as a vehicle 
for the breaking up of cast-iron shells 
into numerous and comparatively 
uniform fragments, through the 
agency of force suddenly developed 
in the perfectly closed shell, com- 
pletely filled with water, by the de- 
tonation of a small (quantity of gun- 
cotton or other similarly violent ex- 
plosive substance, immersed in the 
water. Mr. Abel considered that if 
such a result were obtained, a shell 
or hollow projectile of the Jijost sim- 
ple construction could be made to ful- 
fil the functions of the comparatively 
complicated .skrajnui and neijment 
shells. 

A few experiments with ordinary 
cast-iron shells, sj)lierical and cyliii- 
dro-conoidal, afi’orded conclusive de- 
monstration of the power possessed 
by water, in virtue of its slight com- 
pressibility, to bring to bear uni- 
formly in all directions upon tlie walls 
of the shell, force developed by an 
explosion wliich is made to occur 
suddenly in the completely confined 
water-space, and showed, moreover, 
that the disruptive effect was pro- 
portionate not merely to the amount 
of explosive agent used, but also to 
the suddenness of the concussion im- 


parted to the completely confined 
water by the explosion. 

A IG-poundcr (cylindro-conoidal) 
shell, filled witli 16 ounces of gun- 
powder, was broken by the explosion 
of this cliarge into 29 fragments. 
The detonation of a rpiarter of an 
ounce of gun-cotton confined in a 
shell of precisely the same construc- 
tion and weight, the ciiamber lieing 
filled up witli water and tightly 
closed, burst the shell into 121 
fragments, which were violently dis- 
persed. A coTTespouding charge of 
gun-cotton, coul'mcd in a third siini- 
lar shell, the chamher being fiUed 
with air, did not hurst the shell 
when detonated. One oiinee of gun- 
cotton confined in a similar shell, 
Idled up with water, broke it up 
into ^100 fragments, and in addition 
there were 2 lb. 1 oz. of the shell 
pulverised by t])e force of the explo- 
sion. 

The manner in which this system 
is applied is very simple. The 
ordinary bursting fuse which is used 
in field-artillery service lias fitted to 
it a small metal cylinder closed at 
one end, into whicli is tightly packed 
from a (piarter to half an ounce of 
dry compressed gim-cotton. The 
open end of the cylinder is closed 
with a screw ping (lontaining a 
small chamber lillc.d wutli fulminate 
of mercury, tlie upper side of which 
is in close contact with the fuse 
w hen the cylinder has been attached 
to the latter. To mnploy common 
shells as w<Urr-f<keUs it is now only 
ue(;cssary to fill them completely 
with water, ;ind then to insert and 
screw down iirmly tlie fuse with its 
little detonating cylinder attached. 
When the detonating charge is jjre<l 
by the action of the fuse, tlig shell is 
instantaneously burst into a large 
numbor of fragm tints by tlie concus- 
sion transmitted liy tlic water. 

Extinction of Eire.— 
nceum ). — Chloroforni-vajX)ur has been 
lately found to act with great ra- 
pidity in extinguisliing the flame of 
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the vapour of petroleum. Combus- 
tible gases mixed with chloroform- 
vapour immediately lost their explo- 
sive properties, and even their com- 
bustibility. It is suggested that 
chloroform might be advantageously 
employed upon a large scale for ex- 
tinguishing fires in petroleum stores 
and on board ship. 

The Chandor Light. — Prof. 
Archer — {En<jllsk Meduinic). — This 
apparatus consists of a little tube 
about three or four inches long, hav- 
ing at one end a button which turns 
a screw, and at the other an angular 
point of metal which revolves over 
the small orifice in the top of the 
tube. A fuse, formed of a thin strip 
of solidified collodion, one side of 
which has a little ridge of hardened 
phosphorus, is forced by means of 
tJie button and screw against tlic 
opening in the top of the tube, and 
is there ignited by the little metallic 
point passing over tlie phospliorus. 
The new lighter can, it is said, be 
affixed to a gas or lamp-burner, or 
can be carried in the pocket for use as 
required. In cither case no more of 
the fuse is luirncd than is absolutely 
required, while it is perfectly 
“damp-proof” — that is to say, that 
it will burn after being dipped into 
water. 

Voltaic Gas Lighter. — Hora- 
tio Yeates— — Tliis inge- 
nious scientific apparatus entirely 
obviates tlie use of matches or ta- 
pers, and does away with the attend- 
ant danger in lighting gas. It con- 
sists of a small bichromate of potash 
battery, the zinc plate of which is so 
arranged that by the pressure of the 
finger it can be immersed iu the ex- 
citing fluid and put tlie battery iu 
action. •Rising from the top of the 
battery is a light brass stem, like a 
taper-holder, but in the form of a 
swan’s neck, terminating in a little 
bell, within which the two “poles ” 
of the battery are united by a spiral of 
latinum wire ; this wire, when the 
attery is put in action by the im- 


mersion of the zinc plate, becomes 
white hot, and will instantly ignite 
the gas if held over the open 
burner. 

Faded Ink. — Mr. (larside, of 
Southport — {Pharma reulkal Jour- 
nal). — A letter which had been sub- 
merged in the wreck of the Schiller^ 
and was quite illegible, was carefully 
brushed over with solution of sul- 
idiocyanide of potassium (1 in iiO), 
and then, still damp, held over a 
disli containing hot hydrochloric 
acid. The writing was tlius deve- 
loped of a deep red colour. The 
rationale of the process is this : — 
The iron of the ink is precipitated 
as peroxide upon the fibres of the 
paper, and remains when all other 
colouring matters are washed away. 
Being in an insoluble form, however, 
no effect is produced by tlie reagent 
until the fumes of the acid have 
rendered it soluble. Ih’obably ferro- 
cyanide of potassium would answer 
as well or better than sulidiocy- 
anide. 

Fire-Proof Starch..— In order 
to make ladies’ apparel fire-proof, a 
starch is used to wJuch sulphate, 
phosphate, or borate of ammonia, or 
what is better, tungstate of soda is 
added. It appears, however, accord- 
ing to Professor Crintl, that manu- 
facturers do not always act with 
correct understanding, and do not 
take into consideration that the 
compound used must be perfectly 
juire. It is not sullicient to use 
the ordinary commercial article, for 
instance, tungstate of soda, which 
often contains considerable quan- 
tities of carbonate of soda, or ordi- 
nary sulphate of ammonia, and this 
is especially very impure ; so much 
so, that tlie impurities cannot stand 
the application of the hot iron during 
the jirocess of ironing without ruin- 
ing the colour as well as the texture 
of the material. The result of such 
mistakes, is that the fire-proof starch 
has not become of universal applica- 
tion, and as long as the makers of 
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this preparatiou do not use suf- 
ficient care in its manufacture, 
its universal introduction is out of 
the question. Professor Gintl also 
calls attention to the fact, tliat ac- 
cording to his experiments, ammonia 
alum (sulphate of alumina and am- 
monia) and hyposulphate of soda are 
also additions to starch which make 
it very effectually lire -proof. This 
is very important, as both are cheap | 
substances, easy to obtain, and with- 
out any action on most colours. The j 
latter substance prevents, if not so 
perfectly as some other compounds, ! 
a full intlammatiou, while it is a 
fact worthy of remark, that the 
quality of the starch which causes it 
to give stiffness and gloss to the 
material to whicli it is applied is not 
in the least afl’ected . — Journal of 
Applkd Srimee. 

Cement for Marble and Ala- 
baster. — {(Uu'mlcitl News ). — Mix 12 
parts of Portland cement, parts of 
slaked lime, 0 parts of line sand, and 
1 part of infusorial earth, and make 
up into a thick pjiste with silicate of 
soda. The object to be cemented 
does not require to be heated. It 
sets in twenty-four hours, and the 
fracture cannot bo readily found. 

Cements for Iron. — {Iron ), — 
Glycerine and litharge stirred to a 
paste, hardens rapidly, and makes a 
cement for iron upon iron, for two 
stone surfaces, and especially for 
fastening iron in stone. Tdus cement 
is insoluble, and is not acted upon 
by strong acids. Cloth can be ce- 
mented to polished iron shafts, by 
first giving them a coat of best white- 
lead paint ; this being dried hard, 
coat with best Russian glue, dis- 
solved in water containing a little 
vinegar or acetic acid. 

Tracing* Paper. — Herr Tuscher. 
— If one volume of castor-oil be dis- 
solved in two or three volumes of 
spirits of wine it wall render paper 
trausi)arent, and the spirit rapidly 
evaporating, the paper, in a few 
minutes, fccomes lit for use. A 


tracing in pencil can then be made, 
and if the paper is placed in spirits 
of wine, the oil is dissolved out, 
restoring the paper to its original 
condition. The drawing may then 
be comideted in Indian ink or in 
colours. 

Preservation of Flowers. — 

(Pharmaceutical Journal ). — A vessel 
with a movable cover at each end 
is provided. Having removed one 
of the covers, a jiiece of metallic 
gauze of moderate fineness is fixed 
over it and the cover replaced. A 
quantity of sand is then taken, siif- 
ticient to fill the vessel, and passed 
through a sieve into an iron pot, 
where it is heated, with tlie addition 
of a small (piantity of steariue, care- 
fully stirred, so a.s to thoroughly mix 
the ingredients. The (juantity of 
stearinc to bo added is at the rate of 
half-a-ponnd to 1 00 lb. of .sand. Caro 
should be taken not to add too much, 
as it would sink to the bottom and 
injure tlic flowers. 'I'Jje vessel with 
its cover on and the gauze beneatli 
it is tlieu turned u])side down, and 
the other cover being removed, the 
Howcrs to be operated upon are 
carefully placed on the gauze and 
the sand gently poured in, so as to 
cover the flowers entirely, the leaves 
being thus prevented from touching 
each other. "J'he vessel is then put 
in a hot place — such, for instance, 
as the top of a baker’s oven — where 
it is left for forty-eight hours. The 
flowers thus become dried, and they 
retain their natural colours. The 
vessel still remaining bottom up- 
wards, the lid is taken off, and the 
sand runs away tiirough the gauze, 
leaving the flowers uninjured. 

Perpetual 'PeiBte.— English Me- 
chanic . — To make perpetual paste — 
which will remain sweet for a year 
—dissolve a teaspoonful of alum in 
a quart of water, to which add 
sufficient flour to make a thick cream. 
Stir in half a teaspoonful of pow- 
dered rosin and half-a-dozen cloves, 
to give a pleasant odour. Have on 
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the fire a teacup of bo^ng water, 
pour the flour mixture into it, stir- 
ring well at the time. In a few 
minutes it will be of the consistency 
of mush. Pour into an earthen 
vessel ; let it cool ; lay a cover on, 
and put it in a cool place. When 
needed for use take out a portion 
and soften it with warm water. 

Manufacture of Oxygen.— 
Laboratory . — In the establishment 
of Krebs, Kroll, and Co., Berlin, 
oxygen is prepared by heating to- 
ether in a glass flask, in a water 
ath, 10 quarts of water, JO lb. 
chloride of lime, and 1 11). nitrate of 
copper. It produces 14 cubic feet 
of oxygen. 

Peat. — Dr. II. Angus Smith (Lit. 
and Phil. Soc., Manchester). — Cal- 
culations as to the age of peat bogs 
are frequently much exaggerated, 
though it is true that the more 
highly combustible bodies called 
“hydrogen and rich hydrogen com- 
pounds ” increase in proportion to 
age, not by addition to their sub- 
stance, but by the oxidation of the 
other parts, and removal of carbona- 
ceous bodies in the brown water. 

On recent inquiry, the author had 
found peat which, on good evidence, 
had grown 30 inches in 44 years, 
and observers with still better 
opportunities gave amounts much 
higher, equal to 88 inches in a 
similar time. Taking the lower 
estimate, it seemed clear that Spren 
gel’s statement was correct, that 
peat grew more combustible matter 
in an acre than forest trees grew. 
The specimen in question, from Dee- 
side, on a spur of the Grampians, 
had a considerable density, viz., 
0*92, measuring externally, or a 
cubic foot weighed 57 lbs., whereas 
a cubic foot of water weighs ()2*32. 
The probably very old peat of a 
coaly fracture spoken of by several 
persons is not here alluded to, and 
did not come under the author’s 
observation. The amount of the 
wet material that grew in an acre 


was 2,454 cubic feet in a year, and 
of the d^ material, taking the 
lowest estimate of 1-Gth, 10*2 tons, 
say 10. The estimated amount for 
wood in the plains below was consi- 
dered to be 2-1 tons per acre per 
annum, and this may be high, as 
Liebig gives only half this amount, 
and hay and straw, which he consi- 
dered able to i)rodiicc the same 
amount of dry material, do not pro- 
duce more. The value of the peat 
and the wood as combustibles would 
diflfer little. The value of the ten 
tons may be considered as equal to 
four tons of coal. Tliese four tons, 
then, were grown on land wliicli 
could scarcely bo said to have agri- 
cultural value. Of course, all bogs 
are not always growing at this rate, 
and tlierc is a limit in time to their 
increase ; on the other hand, by care 
and jjroper feeding, we may be able 
to grow the material much faster 
than ever it has grown, and the 
black bogs may become for us rich 
coal fields and oil wells. The fuel 
is not important for lliose places 
where coal is cheap, but there are 
many places in Great Britain where 
coal is difficult of transport. Since 
peat will not bear much carriage, 
its value is limited in distance, and 
in many places now without any, it 
would be well to grow along with 
oat and patato fields a field also of 
tin's despised fuel. This is actually 
done, but it is rarely systematic, 
and in many places peat is driven 
out wliere a portion of land other- 
wise almost useless might be set aside 
for it. The systematic fostering of 
peat so as to increase its produce is 
advocated for many places, although 
this may appear absurd in the eyes of 
those who ar^ desirous of removing 
entirely all its traces. 

Tlie peat which had grown rapidly 
was fine tin texture, and became 
lieavy on drying ; not of the lieaviest 
kind, as 0*92 is high but not of the 
highest class. (The lightest peat 
examined was 0*2.) Tlie first had 
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grown from iine or small mosses, 
hypnum chiefly, and the fineness of 
the tibre was apparently the cause 
of the ra 2 hd breaking uj). It is not 
time alone then that is always re- 
quired to make line dense peat. 
Large pieces of wood may endure 
and be preserved long. Henceforth 
a new classification of peats is ne- 
cessary, and this according to the 
prevailing plant. To grow good 
peat, all jdants with thick stems 
must be avoided as giving too much 
woody fibre, rendering the structure 
too open and the 2 )eat too light, as 
well as giving an inferior amount (in 
the case of some woods at least) of 
the resinous and very inflammaldc 
bodies, and generally taking too long 
to form. The great peculiarity of 
good peat is the oleaginous and 
resinous matter, to which also Avax 
and fats may be added, as they have 
been found by some. It has been 
generally believed that these bodies 
nave been produced d\iring the 
decomposition of the idaut, although 
one writer considers they were pro- 
duced by the growing ^dant. 

The autlior believes that woody 
fibre does not produce substances 
rich in hydrogen, the com 2 )Ounds 
resulting from its decay being 
rather of a humous character and 
not good combustibles. If w^oody 
fibre did not leave its hydrogen 
and carbon in such quantity as 
to form the resins, &c., of peat, 
then we must look for the origin in 
the growing jdant. llie mosses from 
which the I3cat from Deesidc Avas 
cvidejitly grown wxre examined, 
and on drying gave about a fourth 
of dry matter w hich readily crumbled 
into a powder and Avhich contained 
1 *27 per cent, of substances soluble 
in a light najihtha. It much resem- 
bled tliat obtained from the peat, 
but was softer, being about the 
tionsistence of butter and callable of 
being distilled so as to give a 
yellowish substance of the same 
consistence. Besides this there Avas 


1 jier cent, of a substance extracted 
by alcohol, resinous in ap 2 )earance, 
fusible, and containing aiiparently 
the chlorojliyl. 

The author believed that these 
bodies jiroduced similar matter 
in tlie peat, or rather w^ere the 
matter itself with little or no 
change. In the jAcat it had been 
hardened, perhaps by oxidation or 
perhaps by the removal of the more 
fluid jiortiou by water. lu this 
w^ay he exiilained the jKissibility of 
having a flow of oil from a peat moss. 
When the substances in the plants 
tlicmseivcs Averc of a more fiiiid 
character, the removal of the w'oody 
fibre and absorbing burnous bodies 
would set them free, and the fusi- 
bility or otherwise of the substances 
at ordinary temperature would de- 
pend on the jdants. The oil fonned 
by distilling the resinous bodies 
! obtained from the peat w^as of a 
light yellow’. Its tnic character 
has not been fully determined, but 
analysis gives — carbon 83 ‘86 p. c., 
hydrogen 12 ‘76. 

The autlior inclined to believe 
that there is a great variety of oils 
and solid liydrocarbonaceous bodies, 
if not true hydrocarbons, in the 
jilants, which, so far as he kncAV, 
had not been examined. The resins 
of the peat had been carefully 
examined by Mulder. 

The author had not found any of 
the coaly peat sjjoken of by some 
authors. It might readily bo siija- 
jiosed that when the woody fibre 
was removed A’arions compounds 
insoluble in water Avould remain 
and account for fossil resins, ozo- 
kerit, &e. A similar action might 
produce coal, although the plants 
forming jieat and coal w’ere different 
and most [u obably the climate ; and 
the idea of Trofessor Morris (see 
Professor Huxley and Professor 
Daw^kins on coal) that the bitu- 
minous part of coal was composed 
of spores and sporangia primitively 
supiilied with resinous or oleagiuoua, 
I 
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matter would so far agree with the 
above reasoning, although in form- 
ing peat we cannot confine ourselves 
to the spores, so far as the author 
knew at least, when wood is pre- 
sent having resin dispersed in it. 
Perhaps the same may be said of 
coal. 

The author also spoke of the 
great value of peat as a water reser- 
voir in a country demanding much 
water, which did not always require 
to be bright, and of the possibility 
in many positions of cleansing it as 
it was leaving the mosses. Water 
reservoirs could thus be grown at a 
cheap rate in many spots, instead of 
being banked in or dug at a great 
expense, although growing might 
require perhaps more time. A re- 
servoir formeu of peat 1 0 feet thick 
would hold as much as a water 
reservoir of the usual kind 8 feet 
deep, or say 7^, and still be easily 
walked over. 

The capacity of growing possessed 
by peat was so great, if the results 
found could be readily attained 
in many places, in suitable situa- 
tions it might be used for filling up 
BW’amps aud making dry surfaces ; 
for after rising to a certain height 
the top easily drained and left a 
part dry. 

Swamps were sources of fever and 
ague. True peat bogs never w^ere, 
so far as the author knew, and pro- 
bably the growing of peat would 
render many places healthy 
which could not otherwise easily 
be made so. Gases from peat 
mosses he intends to examine more 
fully, and also many peat-forming 
plants. 

Sulphate of Copper Process 
for Preservation of Wood.— 
Max Paulet. — The author’s experi- 
ments tend to show that the action 
of sulphate of copper on the ligneous 
tissue produces a compound which 
is not absolutely insoluble in pure 
water, and is soluble to a consi- 
derable extent in water charged 


with carbonic acid. After having 
lain for some time, railway sleepers 
which had been injected with sul- 
phate of copper were found to con- 
tain a considerable proportion of iron 
in those parts near the rails, whilst 
away from the neighbourhood of the 
rails the carbonate of lime derived 
from the ballast took the place of 
the copper-salt; and although the 
lime-compound is not itself a septic 
agent, it yet acts prejudicially by 
removing the preservative medium. 
From these results it appears that 
wood thus prepared is far from being 
a durable material for construction 
of permanent way. 

Preservation of Wood. — S. 
W. Moore {CJicmical Netvs ). — The 
following process was devised by 
Mr. Weather] )y, and investigated 
by myself. 

The wood to be prepared is first 
kiln -dried, to deprive it of all mois- 
ture and much of its volatile tur- 
pentine and other inflammable 
matter ; it is then put into suitable 
cylinders, in which lime and water 
with sulphurous acid gas are forced 
into its pores under considerable 
pressure, the sulphurous acid being 
I a by-product from the wasting of 
pyrites. 

The wood is removed and dried, 
and is then ready for use. 

When sulphurous acid is passed 
into lime under pressure, a sulphate 
of lime is formed which is soluble 
in water, capable of crystallising as 
a bisulphite, which is readily oxidis- 
able and convertible into sulphate 
of lime or gypsum. 

As this is an exceedingly insoluble 
salt, it is not easily removed, from 
the pores of the wood, and therefore, 
not only protects the wood by its 
resence as a non-conductor of heat, 
ut deoxidises all matters which are 
likely to prove objectionable as fer- 
ments. 

The advantages presented by this 
wood are that its weight is less after 
treatment than of the same wood 
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before kiln-drying ; a series of pieces 
gave a mean specilic gravity of 
()‘3501. The process for working" is 
very much cheaper than that of any 
other yet devised ; it is an admir- 
able means for preventing dry rot, 
and decay from the action of water, 
as its pores are coated with an in- 
soluble salt ; it thus wears longer and 
vibrates less than ordinary pine ; it 
resists the attacks of insects, and 
from the removal of the volatile 
inflammable matter, as well as from 
the introduction of a nou -conduct- 
ing material, it is well able to with- 
stand fire, the interior parts not 
giving u]3 gaseous matter, which 
always so readily inflames. 

Tlie wood, although answering 
these ends, contains but little matter 
foreign to itself. 

Woody blue . . . . 87 '2 

Moisture at 115' (J. . . 8'.5 

Ash 4-5 

100 0 

The idea here presented is much 
the same as that uoticetl accidentally 
in the late Franco-l^russiau war ; 
many houses there were found to 
have been protected from lire when 
they were largely built with ijlaster ; 
lath and plaster walls were abso- 
lutely uninjured by the lire when 
surrounding parts were destroyed. 

M. Lostal has communicated to 
the Society of Mineral Industry at 
St. Etienne, the results of his o)>ser- 
vations on Hie effect of lime in pre- 
serving wood, and his method of 
applying it. He piles the planks in 
a tank, and pnts over all a layer of 
quicklime which is gradually slacked 
with water. Timber for mines re- 
quires about a week to become 
thoroughly impregnated, and other 
wood more or less time, according 
to its thickness. The wood ac- 
quires remarkable consistency and 
hardness, and, it is said, will never 
rot. Wood has been prepared in 
this manner for several mines on a 


considerable scale. Beechwood has 
been prepared in this way for ham- 
mers and other tools for several 
ironworks, and it is said to become 
as hard as oak without losing its 
elasticity or toughness, and to last 
much longer than when unprepared. 
It has long been known that wood 
set in lime or mortar is preserved 
from decay, but no systematic plan 
for its preservation has until now 
been attempted. 

Report by M. Cloez on the 
Superphosphate Works of MM. 
Michelet and Thibault. — (Soc. 
iV J^Jnconrarj. l'/niiu.sL Nat .). — The 
peculiarity of this establishment 
is that the phosphates are mixed 
with the acid in closed vessels from 
which the noxious vapours are drawn 
by an aspirator, traverse a tower 
filled with coke, upon which water 
is trickling, and pass finally into 
the chimney of the works. The 
phosphatic minerals are ground and 
sifted for use, and the acid is em- 
ployed at 55" B. The phosphorites 
used are those of the Lot, the 
Ardennes, and of Estremadura. 
The vapours given off by the first- 
mentioned kind yield a certain 
amount of iodine. — Chemical 

Ne.WH. 

Iodine from Superphos- 
phates. — This is liberated during 
the above process and collected in the 
coke-tower. The iodine l)y attacking 
the apparatus is reduced to the state 
of proto-iodide of iron. Some chloride 
and fluoride of iron are also formed, 
blit no Ijromide. The iodine may 
be separated from the proto-iodine 
of iron by Serullas’ method, precipi- 
tating as cuprous iodide, and heating 
with an excess of sulphuric acid. 
This process is incomplete, since by 
no means all the iodine is expelled 
in the gaseous form, and in view of 
the high price of iodine, it is highly 
desirable that some method should 
be devised of expelling all the iodine 
from the phosphate of lime. 
Sprengel’s Sulphuric Acid 
I 2 
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Process.— (jVatoe). — We have re- 
ceived a circular calling attention to 
the success attending the working 
of Dr. Herman SprcDgel’s improve- 
ment in the manufacture of sul- 
phuric acid. The process was pa- 
tented in 1873, and consists in in- 
jecting water in the form of spray 
into the chambers instead of steam. 
To effect this a jet of steam escapes 
from aplatinum nozzle at apressureof 
about two pounds, and blows through 
the centre of a flowing jet of water 
by means of an apparatus similar in 
principle to Hcrapath’s blow-jupe. 
These jets are let into the side of 
the chamber at distances of 40 feet, j 
The advantages gained are economy | 
of fuel, nitric acid, and pyrites. 
The method has been in use at the 
works of the ‘ ‘ Lawes Chemical 
Manure Company ” at Barking, and 
the returns show that a saving of 
coal to the amount of § of the 
quantity formerly burned has been 
effected— the total saving in steam, 
nitric acid, and labour during three 
months amounting to five shillings 
per ton of acid of sp. gr. 1 '6 made 
from pyrites. 

‘‘Glover’s Tower” in the 
Manufacture of Sulphuric 

Acid. — M. Vorstcr (Chemical Ncwa). 
— Glover’s tower is placed between 
the furnaces evolving sidphurous 
acid and the lead chambers. The 
hot gases proceeding from the kilns 
pass through a rain of chamber acid 
and of nitrated acid. The heat con- 
centrates the acids by evaporating 
water, and the nitric acid present in 
the nitrated acid is converted partly 
into nitric oxide, and partly into 
free nitrogen. At the foot of the 
tower the acid, concentrated and 
freed from nitrogen acids, is col- 
lected. From 8 5 to 4 per cent, of 
the suli>huric acid passing through 
the tower is volatilised and lost. 
Although the acid is freed from 
nitrogen compounds to a satisfactory 
extent by the action of the sul- 
phurous acid, yet from 40 to 70 per 


cent, of these compounds— according 
to temperature — are reduced to the 
state of nitrogen gas. 

Deacon’s and Weldon’s Chlo- 
rine Processes. — Thos. Gibbs. 
(Tyne Chemical Society). — A most 
striking feature in the chemical arts 
during the last year is the transposi- 
tion of places, in the estimation of 
manufacturers, between Deacon’s 
and Weldon's chlorine processes. 
The steady progress of Weldon’s pro- 
cess was suddenly checked liy the 
brilliant advent of that of Deacon ; 
the latter, in its early promise of 
producing chlorine by decomposing 
hydrochloric acid gas l)y the oxygen 
of the atmosi')here itself in passing 
through an arrangement not much 
more complicated than tlie ordinary 
condenser, and using no solid renew- 
able re-agent, was received by manu- 
facturers vdth a trust and avidity 
unprecedented in the liistory of in- 
ventions. I’lant was put up all over 
tlic country and speedily set to work, 
but after working for a considerable 
time, the conclusion appears to liave 
been arrived at that the range of 
heat, and perhaps other influences 
still imperfectly understood, under 
which the decomposition of hydro- 
chloric acid in contact with tlie so- 
called catalytic agent succeeds, is far 
too narrow for a manufacturing pro- 
cess, and whilst the plant may work 
for some weeks or months well, it 
has the unfortunate j)eculiarity of 
suddenly coming to a stand, only to 
be set going again after vexatious 
delays and expensive o])erations, 
such as re-saturating the marbles in 
the decomposing tower with sulphate 
of copper. Whether the decomposi- 
tion depends on mere contact, as 
argued by Mr. Deacon, in his lecture 
to the Chemical Society, in .lune, 
1872, or on the more easily under- 
stood rapid formation and decompo- 
sition of the chlorides, and oxychlo- 
rides of copper, in an atmosphere 
highly charged with oxygen and 
hydrochloric acid gas, the conditions 
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of success are far from being well 
understood. Weldon’s process, al- 
thougli much less direct than Dea- 
con’s, and although the plant has 
proved much more expensive tlian 
was at first anticipated, has proved 
workable under ordinarily skilled 
supervision. No better example of 
success by chance, although that 
cliance was appreciated and ap- 
plied witli shrewd keenness, can be 
adduced. I’lie successful oxidation 
of the manganous oxide being only 
possible in presence of a base, pre- 
sumably combining with the man- 
ganic oxide formed, was a condition 
unsuspected by Weldon at the date 
of his early patents, and is almost 
on a par with the Bessemer process, 
failing utterly as patented for the 
manufacture of malleable iron, but 
proving a success amounting to a 
revolution on the application of 
Mushet’s discovery, that spiegeleisen 
added to the blown metal, produced 
steel. 

Manufacture of Silicate and 
Carbonate of Sodium. — At Saint 
(fo])ain there is in practice a new 
methoil of manufacturing soda; 
yielding, at the same time, accessory 
products of a certain importance, 
it is based on the property which 
carbon possesses of transforming 
sulphate of sodium into silicate of 
sodium, in presence of silica, giving 
sulphurous acid and sulphur. The 
operation is eifected at a red heat in 
a retort similar to those for gas, and 
heated in the same way. The sul- 
}jhur is obtained by simple condensa- 
tion. As to the sulphurous acid, it 
can be transformed into sulidiuric 
acid, or absorbed by carbonate of 
soda. In this case there is obtained 
bisulphite of sodium, which, treated 
with zinc, gives sulphide of sodium, 
which is now used to dissolve indigo. 
The sdicate of sodium, the principal 
result of the operation, can be ad- 
vantageously employed in glass 
works ; but if it be desired to obtain 
soda from it, there are two modes of 


treatment : by decomposing with 
carbonic acid, carbonate of sodium 
is obtained ; while, by bringing it 
into the presence of lime, we have 
carbonic acid. By the above pro- 
cess all the sulphur contained in the 
sulphate treated is utilised ; in the 
ordinary process, it is lost. — Eugliah 
Mechanic. 

Decomposition of Salt by 
Superheated Steam. — S. (Jabot 
{(■hcmicid Netvs), — '^fhe apparatus 
used was a cylindrical stove made 
of cast-iron {pipe, and so arranged 
that all the doors and the top could 
be closed by iron Hangcs and air ad- 
mitted l>elow the grate through a 
tube, while the products of the de- 
composition could be taken out above 
by another. A hot anthracite lire 
was kindled (without the use of 
wood, to ])revent any alkaline, ashes), 
and a stream of mixed air and steam 
was blown in by a very simple little 
tin injector, formed by inserting a 
line jet of steam half way into an 
open cone, of tin in the shape of a 
funnel, ’fhe writer has found by 
cxp(}rience that a lire may be kept 
alive for a long time hy the blast of 
mixed air and steam resulting from 
such an injector, and believes that, 
by passing the blast through a suffi- 
ciently long iron tube, the air would 
be sufficiently dry to support com- 
bustion for an iudetiuite length of 
time, and might be used with advan- 
tage in many Ccises where a blast is 
reipiired. In this case, however, the 
steam was a more iniportaut ingre- 
dient than the air. While the fire 
was still very hot, and the blast 
passing through it, about a pound of 
salt was thrown in at the upper 
door, which was quickly closed. 
Volumes of hydrochloric acid 
streamed from the upper tube and 
w«re collected in water and tested. 
The ashes, upon examination, also 
were found to be alkaline, as should 
be the case if the reaction is, as 
usually formulated — 

H..0 -P 2N^C1 = 2HCI + Na50. 
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Of course, the yield was iio approach 
to the theoretical oue, and could not 
be applied as a technical j)roccs8. 

(Messrs. Oriineberg and Vorster, of 
Kalk, near Cologne, do not agree 
with the author’s opinion, for they 
have patented, in England, a process 
for obtaining caustic soda by passing 
superheated steam over a heated 
mixture of common salt and of 
alumina, or its hydrate.) 

Refining Sugar in Bristol.— 
H. T. Chamberlain (British Asso- 
ciation). — The method in the old 
days was very rude. The sugar was 
turned into large open pans, mixed 
with water, melted over the fire, 
and brought, under constant stir- 
ring, to a thick consistency at a cer- 
tain temperature. "Wlien concen- 
trated to the right condition, it was 
ladled out] into large moulds of the 
sugar-loaf shape, plugged at the 
ends, which were then placed down- 
wards, and when the sugar was set 
the plug was removed, a!)d the sugar 
allowed to drain itself of the syiaip 
or treacle. Tliis sugar was then re- 
melted, defecated, and clarilied lit 
for making refined sugar. The use 
of animal charcoal and the manu- 
facture of loaf sugar w'ere great im- 
provements, and went on up to tlie 
introduction of the vacuum pan. 
The sugar being melted and clarilied 
was run into loaf moulds, which 
were placed upon the floors, as w ith 
the coarser kinds; but the finer 
sorts were carefully liquored by 
white syrup poured ui)on them, 
which, passing downward, washed 
through, purified, and bleached into 
whiteness the mass in the moulds ; 
the loaves, after being allow'ed to 
run dry, were trimmed and papered, 
and then “stoved.” The stove was 
a massive building of fire-brick with 
iron doors, and fitted with racks, 
heated to and kept at a temperature 
of about 1 50° Fall r., where the loaves 
were placed, and remained a few 
days until all moisture had passed 
ofi‘, wjieu they were taken out and 


stacked in a dry warehouse ready 
for sale. This long and uncertain 
process was much shortened by the 
introduction of the vacuum pan, 
centrifugal machine, and other im- 
provements. 

It must be here mentioned that, 
with the exception of a moderate 
quantity made during the ^last 
Franco-German war, loaf sugar has 
long ceased to l)e manufactured at 
liristol. The hVench manufacturers 
of loaf sugar are able to undersell 
English manufacturers not only in 
this city, whicli has so long been a 
place of production, l)ut also through - 
out the United Kingdom. 

The refiners now confine their 
operations to the production of crys- 
tals, and syrup or treacle. 

'The packages of raw sug.ar, as im- 
ported, are received into the sugar 
house, raised by steam pulleys to 
tlie highest floor, where they are 
opened and the sugar turned into 
the first melting pan wdtli a little 
water : in some liouscs this is an open 
pan witli a coil steam pipe, in others 
a vacuum pan. Tlie first melting 
jiroduces a rather thick syrup. This 
is run into filter bags, which are 
placed round the floor, generally at 
a lower level, to run by gravitation 
to save pumping ; the filter bags re- 
tain tlie first impurities, and the 
syrup passes from them into large 
cisterns underneath prepared for 
that purpose ; from these it is 
pumped or run into the tops of the 
charcoal cisterns or filters, which 
are tall and generally cylindrical, 
made of iron, and filled with many 
tons of animal charcoal, through 
wdiicli the syrup passes and comes 
out free from all impurity, clean, 
and rich, the first runnings as co- 
lourless as water, the clearness de- 
pending upon how long the charcoal 
is used. The syrup is thou run into 
cisterns and is ready for the vacuum 
pan, where it is boiled at a very low 
temperature, which prevents all 
danger of burning, the heat boing 
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generated by steam. The boiling in 
vacuo is continued up to the granu- 
lating or crystallizing point ; and 
the greatest skill of the practical 
man is requisite to determine the 
right moment to cease boiling, and 
discharge the now almost formed 
sugar from the pan. This is done 
into vessels below upon wheels, 
which cart it away to the centrifugal 
machines, where it is whirled round 
with inconceivable rapidity, washed 
with liquor whilst rotating, which, 
with all other liquid, is thrown off 
through the sieve-like sides of the 
machine, and runs down into cis- 
terns prepared for it, to be after- 
wards dealt with. In a few minutes 
the sugar is hnislied and lit for use ; 
it is then scooped out and carried 
away to the mixing floor, where it is 
turned over and over by manual 
labour, and finally run down a chute 
into casks and packed. This process 
applies, with but little change, to all 
the various qualities at present made 
by the Bristol refiners, and the result 
is according to the strength and 
purity of the filtered syrup and 
skilful boiling in vacuo. The syrup 
remaining uucrystallizabie forms 
treacle, which is put into cisterns, 
and thence into tight casks ready 
for use. The empty packages or 
anything else saturated with sugar 
are thoroughly steamed, and the 
sweet water and all washings are 
boiled and evaporated, so that every 
available particle of saccharine 
matter is obtained and nothing is 
lost. 

Colouring Sugars.— P. L. Sim- 

monds {Jour, of Applied Science ), — 
Experiments have been made in 
dyeing sugars for the English mar- 
ket. The first sample was of a 


bright canary colour, produced by a 
bottle of Judson’s patent aniline 
dye, and struck me as possessing a 
most diabobcal taste ; in the second 
a less liberal administration of the 
dye had produced a suitable tint 
and less disgusting taste, but per- 
sonally I prefer molasses as a coloiir- 
iug agent. Supposing the idea suc- 
ceeds, it might be canned out still 
further by varying the colour as 
well as the shade ; a bright magenta 
or a brilliant green is very attrac- 
tive to the consumers of sugar- 
candy and other saccharine com- 
pounds in their more juvenile years ; 
and Bemerara miglit supply the 
confectioners direct, as she now 
does the grocers. 

Beet-Root Si^ar.— E. Pesier 
{Les Mondes ). — Whatever may be 
the details and the name of the pro- 
cedure adopted, it is indispensable 
to admit only the juice obtained by 
tearing and pressing the tissues ; in 
other words, the liquor from the 
rasps and the presses, and avoid the 
products of boiling the beet-root ; 
consequently to leave no pulp in the 
juice. To employ for defecation a 
dose of lime, so as to saturate the 
juice. To keep the defecated alka- 
line juice at a boil until the am- 
monia is completely expelled. The in- 
jection of steam, or of carbonic acid, 
or mechanical agitation, promotes 
this object. Not to neutralise all 
the free lime with carbonic acid. 
To employ animal charcoal well 
burnt, well washed, and free from 
caustic lime, from sulphides, and 
from chloride of calcium. To avoid 
every stoppage, and even slowness 
in the operations. Finally, to eva- 
porate as rapidly as practicable at 
the lowest possible temperature. 
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Tempered Glass.— -Tlic prin- 
ciple of the process patented by M. 
1^'. B. do la Bastie is based on the 
theory that the fragility of glass is 
caused by the weakness of tli< 
cohesion of its molecules, and that, 
consequently, if this cohesion can 
be increased, tlie strength of the 
material will be augmented in pro- 
portion. At first, M. de la Bastie 
tried to obtain the desired result by 
forcibly compressing the glass while 
in a duid or soft condition, but 
without success. At Icngtli he 
discovered the method of tempering 
it which forms the subject of Ijis 
patent. Dropping fused or heated 
glass into water produces a violent 
contraction of its particles. By 
dipping the glass into oil or other 
liquid capable of being heated to a 
temperature considerably above that 
of water, it is found that it is not 
only hardened but tempered, so to 
^eak — i.e., it has lost its brittleness. 
The conditions for the success of the 
tempering process are two : the glass 
must be at a certain temperature, 
and also the liquid iu the dipping 
bath. The latter, which may con- 
sist of oils, grease, wax, resin, tar, 
or pitch, must be capable of being 
raised to a comparatively high tem- 

E erature without boiling ; and the 
eat at which the glass is found to 
be best fitted for the tempering 
process is that which just precedes 
the soft condition, though when the 
glass is thin it may be tempered 
sufficiently at a red heat before it 
begins to become soft. The hotter 
the glass the less risk there is of 
breaking it, and the greater the 
shrinkage or compression ; but these 
advantages are attended with the 
difficulty that the softened glass is 


readily put out of shape. It is 
necessary, then, to so construct the 
I furnace and the dip]ung bath that 
I the glass can be passed from one to 
tlie other without toiu^liing it to such 
an extent as to alter its shaj)e ; and 
it is also necessary to place the oil 
or other liijuid forming the bath 
under sucli conditions that it will 
not inflame when the red-hot glass 
is dipped into it. 

The sectional diagram of one of 
the forms of furnace and bath 
employed by M. de la Bastie (see 
title page) gives the general eon- 
.struction of the plant necessary for 
carrying out the process. The 
engraving represents a furnace for 
tempering flat sheets ; other designs 
are employed, according to the 
nature and sliape of the articles to 
bo tempered. The general principles 
are, Jiowever, the same in all the 
furnaces, Tlie oven A is heated by 
the furnace seen at the side, and is 
separated from the preparatory oven 
by the wall seen at the ])aek. The 
sheets of glass are placed in the 
preparatory oven, and tlienec, one 
by one, are pushed on to the floor of 
tlie oven A through the opeuiug 
shown in black. When the oven is 
sufficiently heated the furnace and 
ash-pit doors are closed and luted, 
and the draught is stopped by 
placing a cap on the chimney. 
8mall pieces of fuel are introduced 
through a hole in the furnace door. 
A sheet of glass having been pushed 
from the preparatory oven into the 
oven A, and having neaily reached 
the requisite temperature, is further 
pushed on to the table B, which is 
normally iu the horizontal position, 
though shown in position for sliding 
off the glass. 0 is the bath of oil, 
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lieated by a separate furnace situated 
at the back, and having a separate 
chimney, as shown. The ]>ottom 
curves into a kind of trough to 
receive any glass wliich may be 
broken by accident, and a thermo- 
meter T is placed in a pipe wliich 
serves as an overllow outlet ; and, 
as will be seen, the bath is entirely 
covered in by iron covering-doors, 
the parts being so arranged tliat the 
bath is not affected by tJic heated 
gases proceeding from the glass- 
furnace nor sub jected to the action 
of the chimney. A rocking table K 
is supported on a frame capable of 
separate movement, such movement 
being communicated by means of a 
lever and shaft. The lower cud of 
this rocking-frame is fitted with a 
buffer of wire gauze, which breaks 
the fall of the glass as it slides over 
the table, tlie surface of which 
consists of a smooth refractory 
material. Tlie rocking table E being 
]>laced ill the position shown, and 
the hath and sliect of glass (the 
latter resting on table Ji) ready for 
tlie tempering process, table H is by 
means of a level’ tilted into the 
position shown in the engraving, 
W'heu the plate of glass slides off on 
to table hi, and so into the fluid 
contained in the hath. Tabic 15 is 
then returned to its horizontal 
position, and another plate of glass 
pushed on to it. The glass plate 
which has been immersed is i-emoved 
in the following way : — J5y means of 
a lever, the table E and the rocking- 
frame to which it is connected are 
raised till a stud on the table en- 
gages with the latch attached to the 
counterweight seen at the top of the 
bath ; the lever is then allowed to 
return a short distance, when it is 
held by a catch -rod actuated by a 
spring. This movement separates 
the table E from the rocking-frame 
to such an extent that the buffer 
of wire gauze and the end of the 
frame are brought below the level 
of the table E, which is lield up by 


the latch above mentioned. The 
glass plate is then withdrawn into 
the chamber T) by means of a rake, 
whence it is removed with others 
when the chamber, being full, is 
lifted out of the bath. The chamber 
D rests upon horizontal bars as 
shown. The plate being removed 
from the table, a reverse motion of 
the lever restores the parts to the 
position seen in the engraving, ready 
for another plate. If the glass is 
reijiiired to bo perfectly clear, or 
when ornamental glass worlts are to 
be tempered, a muflle furnace is 
used, as it is found that the dust 
from the open furnace is apt to settle 
on the glass and chill its surface. 

So far as its ordinary applications 
arc concerned, there is no reason 
why we should not have windows 
proof against the majority of chance 
missiles. It must not be siijiposed^ 
that the tempered glass of ordinary 
thickness is proof against stones 
deliberately thrown ; but it will 
probably escape uiiliarmed from 
missiles which nine times out of ten 
would efreetually demolish ordinary 
window glass. As far as the expoj fc 
trade is eouccnied, the mere saving 
in breakage alone dui’ing transport 
will, it is calculated, cover the extra 
cost of the tempered glass. Tt is, 
however, chictiy in the application 
of glass to purposes for which, but 
for its brittleness, it would be well 
adapted, that this discovery will 
meet with its greatest development. 
Thus, it is admirably adapted for 
cups and saucers, plates aud dishes, 
aud, ill fact, for all kinds of domestic 
hardware : [these may bo violently 
thrown across a room without 
breaking. In the manufacture of 
alcohol aud alcoholic liquors, 
especially beer, the tempered glass 
will fifed an extensive field for om- 
ploymeut, while, in the production 
of acids and various other chemicals, 
it offers advantages which will be 
readily seized. The careful house- 
wife will welcome the tempered 
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§ lass lamp chimneys, which will not 
y even when directly touched by 
the flame, and as an ordinary-sized 
pane only ^in. thick mil bear a 
man’s wei^^ht, the new glass can be 
substituted for the tliick and not 
very transparent material at present 
used as pavement-lights to under- 
ground rooms. In fact, it is im- 
possible to mention all the apidica- 
tions of the tempered glass ; but we 
must point out one disadvantage : it 
cannot be cut into sizes like ordinary 
glass. A diamond merely scratches 
it, and the fracture is no longer 
clean, like the old glass. The two 
kinds of glass resemble one another 
only in appearance and in chemical 
composition. — English Mechanic. 

Tobacco Trade of Bristol.— 
T. Davey {British Association ). — 
There are in Bristol seven manufac- 
turers of tobacco, and two of cigars, 
^rhe principal articles made by them 
are cut tobaccos, viz., shag, bird’s- 
eye, fine returns, the various kinds 
of smoking mixtures, whose names 
are legion, roll tobacco, and snuffs 
of various kinds. (Jut tobaccos 
may be divided into two kinds, 
shag and bird’s-eye. 

The metliod employed in making 
shag is simple. The leaves of the 
raw tobacco are first carefully 
selected and sorted ; they are then 
wetted, and, in some cases, steamed 
also, to render them soft and pliable. 
The stalk is then carefully stripped 
off from the leaf by girls and women, 
and, after lying for a few hours, or 
perhaps a day and night, it is in a 
proper condition to be transferred 
to the cutting machine, which is a 
sort of a highly-finished and power- 
ful chaff-cutter. The leaf tobacco, 
being fdlcd in from behind, is 
ressed down into a compact mass 
y weighted levers, and gradually 
worked forward by a series of screws 
and rollers until it arrives beneath 
the blade of the knife, which cuts it 
up into long and silky threads. 
Bird’s-eye is made in the same 


way, the only difference being in 
the kind of leaf used, and in the 
fact of the stalk being allowed to 
remain, instead of, as in shag, being 
stripped out of the leaf. 

In this stage the tobacco is close, 
sticky, and wet, and it is therefore 
placed on a hot stove until it is in 
fit condition for picking and clean- 
ing, which is done by hand. In 
some manufactories the cooling is 
eflected by a fan or blower, but 
only when great rapidity is re- 
quired. 

The varieties in the article of 
snuff are infinite, and they comprise 
tobacco -dust in every stage of 
dampness and dryness, from the 
saturation of rappee, to the hmhly- 
dried Welsh and Irish snuffs. These 
again vary from each other accord- 
ing to the different modes of treat- 
ment in 'manufacture, and the va- 
rieties of delicately-mixed scents 
which are imparted to them, every 
separate one being a carefully-kept 
and jealously-preserved trade secret. 
Generally, the process of making 
what is called Scotcli snuff is as 
follows : — The different proportions 
of leaf, stalks, and dust or smalls 
of tobacco being mixed together, 
they arc first moistened ; they are 
then allowed to pass tlirough a pro- 
cess of fermentation, and, after a 
certain time are placed in a metal 
pan, and exposed to a powerful 
open fire. When suHiciently dried, 
they are conveyed to the grinding 
mill, and there ground up beneath 
granite stones, and afterwards in 
wooden mulls. It is next carefully 
sifted, to free it from impurities or 
coarse grains. In the case of scented 
snuffs, the scent is added after 
manufacture. The moister snuffs, 
such as rappee, &c., differ somewhat 
in their mode of manufacture, and 
some of the inferior qualities of 
Scotch snuff are made without 
passing them through any fer- 
mentation. 

Vulcanizing of CaoutcRouc, 
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— Professor BottgcT states that 
Gaiilthier de Caiubry has estab- 
lished by exi)erimeiit that, upon 
mixing flowers of sulphur and dry 
chloride of lime in a porcelain mor- 
tar very intimately, a decided odour 
of chloride of sulphur soou becomes 
noticeable, accompanied by an eleva- 
tion of the temperature of the mix- 
ture, wliile the sulpliur softens, and 
a plastic mass is liually formed. If 
the sulphur is largely in excess of 
the chloride of lime, and they arc 
mixed without hard grinding, the 
product, with or without the addi- 
tion of chalk, zinc-white, &c., when 
added to caoutcliouc, softened in bi- 
sulphide of carbon or oil of turpen- 
tine, causes so-called vulcanization 
at the ordinary temperature, or 
upon slightly warming. With chlo- 
ride of lime in excess the action is 
so energetic that the mixture be- 
comes greatly heated, while vapours 
of chloride of sulphur are evolved, 
and the mass remains pulverulent, 
instead of becoming pasty. — En<jlhh 
JSlechanic. 

Camphor.— -Vice - Consul Allen 
describes the distillation at Tamsuy 
and Keluiig of the camphor of com- 
merce from Oimiainomitni ainiphovd 
as a most hazardous trade, the dis- 
tillers having to be constantly on 
the alert for fear of attack by the 
aborigines, who are naturally op- 
posed to the continual encroach- 
ments into their territory for the 
purpose of cutting down tlie trees 
for extracting the camphor. No 
young trees are planted to replace 
those cut down, nor do the officials 
take any cognisance of the diminu- 
tion which is being surely effected 
in the supply of a valuable com- 
mercial article. The stills arc de- 
scribed as being of a very simple 
construction, and are built up in a 
shed in such a manner that they can 
be moved as the Chinese advance 
into the interior. A long wooden 
trough, coated with clay and half 
filled with water, is placed over 


eight or ten furnaces ; on the trough 
boards pierced with holes are fitt^, 
and on these boards are placed jars 
containing the camphor-wood chips, 
the W'hole being surmounted by in- 
verted earthenware pots, and the 
joints made air-tight by Idling them 
up w'ith hemp. When the furnaces 
are lit the steam passes through the 
pierced boards, and saturating the 
chips, causes the sublimated cam- 
phor to settle in crystals on the 
inside of the pots, from which it is 
scraxied olf and afterwards refined. 
During the suimner months the 
camphor often loses as much as 20 
per cent, on its way from the 
producing districts to the port of 
shipment. 

Pure Sulphate of Nickel. — 

A. Terreil {Cl tern. News ). — The salts 
of nickel employed in the electro- 
deposition of that metal are prepared 
from commercial nickel, which is an 
alloy of nickel, copper, and iron, 
with traces of arsenic, containing 
from 40 to 90 ])cr cent, of actual 
nickel. The autlior’s process con- 
sists of four operations — solution of 
the crude metal in acids ; precipi- 
tation of tlic copper by iron ; per- 
oxidation of the iron, and conversion 
of the metals into sulphates ; pre- 
cixiitation of the iron by carbonate 
of barium, and crystallisation of tlie 
sulphate of nickel. The nickel is 
first dissolved in seven to eight times 
its weight of aqua regia ; the solution 
is evaporated almost to dryness ; 
the residue is re-dissolved iu water, 
using about five times the weight of 
the nickel employed. A little ar- 
seniate of iron remains insoluble, 
and is removed by filtration. Metal- 
lic iron, preferably small nails, is 
introduced into the liot liquid, to 
about the weight of the nickel em- 
Xdoy«d. It is stirred from time to 
time to detach the copper from the 
iron. As soon as a piece of bright 
iron, introduced into the liquid, is 
no longer coated with copjier, this 
part of the process is complete, 
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The whole is thrown on a filter, 
and washed repeatedly. 

The copper is then collected l)y 
sifting it under- water, in a sieve 
coarse enough to let pass the coppery 
metallic powder, hut retain the iron. 
The copper is dried, and is then 
marketable. 

'i'he filtrate now contains merely 
nickel and iron. Tlie latter is per- 
oxidised, eitlier by a current of 
chlorine, or by treatment with nitric 
acid. Sulphuric acid at (»(]' B. is 
tlien added in the ]jropoi’tion of 2 
pai*ts to 1 of nickel employed, and 
the whole is evaporated to dryness 
to expel nitric and liydrochloric 
acids. The dry residue is re-dis- 
solved in water, a ])art sonietinies 
remaining insoluble, consisting of 
sub-sulphate of iron. From tlie 
solution the iron is thrown down by 
means of carljonate of barium (arti- 
ficial precipitated). Tliis carbonate 
separates the iron as sesquioxide, 
and forms at the same time insoluble 
sulphate of barium, without acting 
upon the suljdiate of nickel, 'riie 
last traces of arsenic arc throwui 
down) along wdth the scsquio.xidc of 
iron. 'Phe precipitation is eltcctcd 
by gradually adding a slight excess 
of carbonate of barium to the liquid, 
slightly heated, hut not so as to 
exceed to GO'' C. It is complete 
when a further addition of carbonate 
occasions no effervescence, and does 
not become covered with peroxide 
of iron. Pure sulphate of nickel 
then remains in solution. It is 
separated from the precipitate l)y 
filtration, and the filtrate is eva- 
porated till a pellicle appears on the 
siirface, when it is set aside to 
crystallise. 

Chrome Green. — Adolfo Casali 
{Q<tz. Okini. ItaL ). — The existing 
chrome ^eens, such as Ouignet’s 
green (hydrated sesquioxide of 
chi'ome), called also emerald green, 
and Pannetier’s green ; green ultra- 
marine (anhydrous chromic oxide), 
Leune and Castelhaz’s green (liy- 


drated chromic oxide), Arnaudon’s 
een ( chromic metaphosphate ? ) , 
atthieu Plessy’s green (pliosphate), 
are very l)cautiful, and are free from 
injurious properties, hut are too 
expensive to compete with the ar- 
senical greens. The author pro^joses 
to calcine strongly an intimate mix- 
ture of 1 part of bichromate of pot- 
ash and parts of baked gypsum, 
of the variety commonly known as 
scagliola. 'Jdic result is a grass - 
green mass, wliuib, ou boiling w-itli 
waiter, or mixing wdtb dilute hydro- 
chloric acid, leaves a fine powder of 
a)i intense and beautiful green, and 
possessing a very high colouring 
power. 

Painting on Zinc. — A simple 
process, depending on the use of 
acetate of lead, wliich renders every 
kind of painting applicable to sheets 
of zinc, has recently V>eeu invented. 
By mixing black lead, for instance, 
with the salt, a very agreeable light 
browu) hue is obtained. It is by 
this means that the cui)ola of the 
synagogue at I'Jurcmherg has bi5cu 
painted ; and for more than two 
yeai’s, during wdiich this wu>rk has 
stood, the atmosphere has had no in- 
iiuence o)i the zinc sheeting of the 
roof. By the addition of other colour- 
ing matters, the liglitest or darkest 
shades of grey or yellow may be 
produced, l^'or writing with dark 
ink on sheets of zinc, a solution of 
chlorate of coppei- is employed. 
After a few minutes the zinc sheet 
is w’^ashed and then dried. This 
application might he found useful 
in making labels for the names of 
plants . — Journal of Applml Science. 

Green Bronze on Iron. — Paul 
Weiskopf. — One part of sylvate of 
silver is dissolved iu twenty parts 
of oil of lavender, forming a sort of 
varnish. The surface to be bronzed 
is cleansed and dried, but need not 
be polished. '^I'he varnish is thinly 
applied wfith a camel’s-hair brush, 
and the object heated quickly to 
300^ Falir. The proper temperature) 
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is indicated when the article shows 
a bright green colour, which is even 
all over it. To produce a bronze 
drawing, Venetian turpentine is sul)- 
stituted for part of the lavender oil. 
It is better to rub up the dry sylvate 
of silver with resin in a mortar or 
on a palette, and then add enough 
lavender oil to make it as thin as 
ordinary paint. Articles of iron 
bronzed in tin's Way can afterwards 
be elcctro-iilatcd, the coi)per not 
being deposited on the portions 
bronzed. Copper and brass coated 
with this bronzing, and heated to 
480' Fahr., ac(j[uire a matt grey ex- 
terior, which is somewhat reddish, 
and not permanent until covered 
with a thin coat of varnish, when it 
resembles the so-called oxidised 
metal. We may add that sylvic 
acid is one of the constituents of 
ordinary resin or colopljouium, and 
differs from pinic acid in being solu- 
ble only in hot alcohol, from which 
it crystallises in colourless plates. 
To prepare sylvic acid, the resin is 
first treated with cold alcohol to 
dissolve the pinic acid ; the residue 
is dissolved in hot alcohol, and al- 
lowed to crystallise. Carbonate or 
acetate of silvpr clissolves in sylvic 
acid, forming sylvate of silver. — 
£JugHs/t il/ cc/i a lit c. 

Iron for Gilding and Silver- 
ing directly. — The following is a 
method given for producing iron 
which will take a direct deposit of 
gold and silver : — To a ton of iron 
add 12 kilogrammes of nickel and 
I kilogramme of manganese. Ob- 
jects formed from this iron only 
require to be simply washed with 
milk of lime, and then ]}laccd in 
baths composed as follows : —-For 
old ; water 1(H) kilogrammes, bicar- 
onate of soda S(H) grammes, pyro- 
l)hosphate of soda 200 grammes, 
chloride of gold 10 grammes, cyanule 
of sodium 05 grammes, hyd}*ocyanic 
acid 2 drops. For silver ; water 100 
kilogrammes, bicarbonate of soda 2 
kilogrammes, chloride or nitrate of 


silver 130 grammes, cyanide of po- 
tassium 210 gi’ammes, hydrocyauic 
acid, 1 0 drops. — Iron. 

Gilding. — Place in a plate leaf- 
gold, add a little honey, stir the 
two carefully together witli a glass 
sto])pcr, the lower end of which is 
very fiat. Throw the resulting 
paste into a glass of water mixed 
with a little alcohol, wash it and 
leave it to settle. Decant the liquid 
and wash the deposit again. Ilepeat 
the same operation until the result 
is a fine, pure, and brilliant powder 
of gold. Tliis powder, mixed witli 
common salt .and powdered cream of 
tartar, and stirred up in water, 
serves for gilding. 

A nother MctlunL .Boutet de Mou- 
vel. — Dissolve in aqua regia 1 grin, 
of line gold, previously rolled out 
very thin, in a porcelain capsule, 
heat on the sand-bath and concen- 
trate till it is' the colour of blood. 
Add a lialf litre of distilled water, 
hot, in which have Tieen dissolved, 
4 grms. of white cyanide of potas- 
sium. Stir with a glass rod, and 
filter the liquid through unsized 
paper. To gild witli this liquid, it 
is hcatcil a little above liike-warm- 
ncss, and tlic articles to be gilt are 
immersed in it and supported upon 
a piece of very clean zinc. — Ac.s’ 
MondeH; Chemiad N<'ios. 

Copper Amalgam which ad- 
heres to Glass or Porcelain. — 
To produce this, take from twenty 
to thirty parts of copper in powder 
Iiroduccd from the oxide, either by 
means of hydrogen or by precipita- 
tion of the sulphate with the aid of 
zinc, mix this with sulphuric acid 
and with seven parts of mercury, 
and mix all together with great care. 
The acid must thou be washed 
away with hot water, and the amal- 
gam b» allowed to dry. At the end 
of ten or twelve hours the mass will 
be siifliciently hard to take a bril- 
liant polish. The amalgam becomes 
soft with heat, but does not contract 
from the efi'ect of cold. — Jrou, 
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New Mode of making Var- 
nish. — Maximilian Zingler has 
taken out a patent for dissolving 
camphor in bisulphide of carbon, mix- 
ing the solution with powdered mim 
copal or other hard gum, and after- 
wards adding either camphorated 
or methylated spirit, or botli. After 
the materials have been thoroughly 
agitated until the whole of the gum 
is dissolved, the process is complete, 
and the product is a spirit varnish. 
Oil varnish is produced by dissolving 
linseed or other drying oil in cam- 
phorated or in methylated s])irits, 
or in a mixture of these ; and this 
compound is mixed with tlie spirit 
varnish above described. With 
these spirit and oil varnishes can be 
mixed other gums or resins. 

Ancient Printing Inks. — It 
has been found by Dr. K. (X Ticli- 
l>orne that the printing-ink em- 
ployed in w^orks published during 
the sixteenth and seventeenth cen- 
turies differs from modern printing- 
ink in being solulde in ammonia. 
(Jarbon ajjpears to have formed, from 
the lirst, the basis of printing-ink ; 
and, consequently, all printed matter 
resists the action of acids and bleach- 
ing agents. But some of the early 
specimeus of printing are so easily 
affected by alkalies, that tlie charac- 
ters float off tlie paper wlien placed 
in a weak solution of ammonia. 

Black Stains for Wood.— 
There are two kinds : — (1) The ordi- 
nary black stain for different kinds 
of wood ; (2) the black ebony stain 
for certain woods which approach 
nearest to ebony in hardness and 
weight. The ordinary black-wood 
stain is obtained by boiling together 
blue Brazil wood, powdered gall- 
apples, and alum, iu soft water, until 
it becomes black. Tliis liquid is 
then filtered, and the objects painted 
with a new brush before the decoc- 
tion has cooled, and this repeated 
until the wood appears of a fine 
black colour. It is then coated with 
the following liquid A mixture of 


iron filings, vitriol, and vinegar is 
lieatod (without boiling), and left a 
few days to settle. If the wood is 
black enough, yet for the sake of 
durability it must be further coated 
wdth a solution of alum and nitric 
acid, mixed with a little verdigris ; 
then a decoction of gall-apples and 
logwood dyes arc used to give it a 
deej) black. 

A decoction may be made of brown 
Brazil wood with alum in rain water, 
without gall-apples ; the wood is 
left standing iu it for some days in 
a moderately warm place, and to it 
merely iron filings iu strong vinegar 
are added, and both are boiled with 
the wood over a gentle fire. For 
thisxmrpose soft pear- wood is chosen, 
■which is preferable to all others for 
black staining. 

For the fine black ebony stain, 
apple, X)ear, and hazel-wood are the 
best woods to use ; when stained 
black they are most complete imi- 
tations of the natural ebony. 
For the stain, 14oz. of gall-apiffes. 
;iioz. of rasped logwood, Ifoz. of 
vitriol, and Ijjoz. of distilled verdi- 
gris are boiled together with water 
iu a well -glazed pot, the decoction 
filtered while it is warm, and the 
wood coated with repeated hot layers 
of it. For a second coating, a mix- 
ture of ;hjOz. of juire iron filings, 
dissolved in of a litre of strong 
wine vinegar, is w armed, and when 
cool the wood already blackened is 
coated two or three times with it, 
allowing it to dry between each coat. 
For articles which are to be tho- 
roughly saturated, a mixture of l^oz. 
of sal-ammoniac, with a sufficient 
quantity of steel-filings, is to bo 
placed in a suitable vessel, strong 
vinegar iJoured upon it, and left for 
fourteen days in a gently-heated 
oven. A strong lye is now put into 
a good pot, to which is added coarsely 
bruised gall-apples and blue Brazil 
shavings, and exposed for the same 
time as the former to the gentle heat 
of an oven, which will then yield a 
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good liquid. The pearwood are now 
laid in the first named stain, boiled 
for a few hours, and left in for three 
days longer ; they are then placed in 
the second stain, and treated as in 
the first. If the articles are not 
then thoroughly saturated, they may 
bo once more placed in the first 
bath, and then in the second. — Eng- 
lish Mechanic. 

Walnut Stain for Wood.— 
The wood, previously thoroughly 
dried and warmed, is coated once or 
twice with a stain composed of 1 
part, by weight, of extract of walnut 
peel, dissolved in fi parts of soft 
water by heating it to Vjoiling, and 
stirring. The wood thus treated, 
when half dry, is brushed with a 
solution of one part, by weight, of 
bichromate of potash in 5 parts of 
boiling water, and is then allowed to 
dry thorouglily, and is to be rubbed 
and polished as usual. Red beeeh 
and alder, under this treatment, 
assume a most deceptive resem- 
blance to American walnut. The 
colour is fixed in the wood to a depth 
of one or two lines. 

Paint as an Engineering 
Material.— Ernest Spon (Society 
of Engineers). — The author described 
the composition and characteristics 
of the pigments usually employe<l by 
engineers. Wliite lead should be of 
good quality and unmixed with 
substances which may impair its 
brightness. It is usually adulterated 
with chalk, sulphate of leacj, and 
sulphate of barium, the latter being 
the least objectionable. Zinc white 
is dry under the brush, but takes 
longer in completely drying. Red 
lead is durable and dries well, but 
should chemical action commence, it 
blisters and is reduced to the me- 
tallic condition. Antimony Ver- 
million is suggested by the author 
as a substitute for red lead. Black 
paints from the residual products of 
coal and shale oil manufacture, and 
oxide of iron paints, are generally 
used for ironwork, for which purpose 


they are peculiarly suited. Referring 
to the oils used in painting, the 
author stated that linseed oil was by 
far the most important, and that 
its characteristics deserved careful 
study. It improves greatly by age, 
and ought to bo kept at least six 
months after it has been expressed 
before being used. It may be made 
a drier by simjfiy boiling, or by the 
addition of certain foreign sub- 
stances. Nut oil and poppy oil arc 
far inferior in strength, tenacity, 
and drying qualities to linseed oil, 
and are used to adulterate the latter. 
Used under proper supervision no 
better protection can be found for iron 
structures than oxide of iron paints. 
The real value of any paint depends 
entirely upon the quality of the oil, 
the quality and composition of the 
pigment, and the care bestowed on 
the manufacture ; and the superi- 
ority of the most esteemed paints is 
due to these causes rather than to any 
unknown process or material em- 
ployed in their preparation. 

’ Restoration of Maclise’s 
Stereo-Chrome Pictures.— The 
greater i)ortion of the surface of the 
great water-glass picture in the 
Royal Gallery at Westminster, re- 
presenting “The Meeting of Wel- 
lington and Blucher after Waterloo,” 
has until recently been obscured by 
a film of silica. At the beginning 
of his labours, Maclise fancied it 
was hardly possible to apply too 
much of the silicate solution. He 
was accustomed to shed what may 
be called a thick dew of this liquor 
over the parts of the picture which 
were finished, employing for the 
purpose a syringe of peculiar con- 
struction. Long before the “Wel- 
lington and Blucher ” was finished, 
Maclise found out his mistake in ap- 
plying so much of the silicate solu- 
tion. A grey bloom, exactly like 
that appearance which, when occur- 
ring on varnish, painters call “chill,” 
was discoverable on those parts 
where the syringe had been most 
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freely employed. This bloom grew 
denser, and more opaque, as time 
went on, until it had obscured a 
large portion of the design. Maclisc 
hoped this effect would be tempo- 
rary, but he hoped against the evi- 
dence of his eyes, for the injury was 
enlarged rather than diminished in 
extent, and increased in density. 
Thus warned, he used little of the 
solution on the parts of the work 
which were the last painted, and, in 
“The Death of Nelson,” he applied 
hardly any of the same as a fixative, 
and used as little as ]jossible as a 
vehicle for his pigments. Quite re- 
cently, the Covernment determined 
to try what could be done to remove 
the excess of the solution, the effects 
of which we have described. The 
process is a strictly mechanical one, 
the result of a chemical experiment 
intended to dissolve tlie silica being 
by no means encouraging. The 
bibom, or film of silica, has been re- 
moved by simply being crushed on 
the surface of the picture. The 
gain to the arts thus secured is 
great, and the public is deeply in- 
debted to Ml'. Richmond, under 
whose direction the restoration has 
bccu efl’ectetl. 

Mr. Richmond states that the 
“ etHoresceucc ” was largely mixed 
with London dirt, and was of a rust 
colour, though on the “ Nelson ” pic- 
ture, where it was but just appear- 
ing, it was (xuitc white. “It was 
extremely tenacious, and not to be 
removed by merely washing or rub- 
bing, which spread but did not re- 
move it. Warm water with spirits 
of wine was more effectual for this 
purpose ; but by far the best mode 
was found to be beating it with slings 
of linen and wash-leather, with pads 
of cotton-wool confined in them, and 
this with all the force that a man 
could give to a side stroke throwing 
off at each blow whatever it ha(l 
displaced.” The rationale of the 
case seems to be, that as the silicate 
solution had come to the surface, 


and formed a crude semi -opacjuc glass 
there, it was right to use mechanical 
means for the removal of the objec- 
tionable film. The bags were used 
with force sufficient to crush the 
glass and brush it away. The “Nel- 
son •’ picture, being painted on a 
ground differing from that of the 
“Wellington,” needed more tender 
treatment, but of the same kind. 

Extract of Indigo . — Chemical 
Newii . — To make what is generally 
called “sour extract of indigo,” mix 
5 lbs. of best Bengal indigo in 30 lbs. 
of strong oil of vitriol. Let it stand 
five days ; then put it into a tub and 
add 40 gallons of boiling water to it ; 
then filter while hot through strong 
felt cloth. The filters are usually 
uicadc this way : — A frame like a 
table-top, 8 yards long, 2 yards wide. 
This frame is divided into four filters. 
Pieces of wood across are put on the 
top and made to fit the holes (the 
shape of bowls, with small holes per- 
forated in them) ; then the felt cloth 
is put on the top, and the liquid is 
put on the filter and filtered through. 
The sediment at the top is used to 
colour pottery moulds ; that which 
runs through is put in a tub, and 
40 lbs. of common salt added. Di- 
gest for six hours ; then put on the 
filters again for four or five days. 
That which drains through runs 
away into the sewers ; that on the 
top of the filters is the extract. For 
these proportions the extract should 
weigh 80 lbs. This is “sour extract 
of indigo ” of commerce. 

Free Extract . — To make free ex- 
tract of indigo, put 100 lbs. of the 
sour extract in a tub, 12 gallons of 
water as well. Neutralise the acid 
in the extract with strong soda-ash 
liquor until it is free from any sour 
taste ; then put on the filters for six 
days. It should weigh 1 00 lbs. when 
it comes off’, and is then the “free 
extract of indigo” of commerce. — 
AnonymouH. 

P. Hubert {Chrtn. Nem.s). — Ex- 
tract of indigo is sodic sidphindigo- 
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tate, precipitated from a sulphuric 
Bolutiou of indigo by means of soda, 
crystals, and common salt. The pro- 
duct, after being washed more or 
less perfectly, often still contains a 
greenish matter, which is visible if 
a little of the extract is spread out 
on filter-paper. To assay a sample, 
two grms. are dried in a stove. The 
loss m weight shows the quantity of 
water present. The residue is ig- 
nited, and weighed to fiud the 
mineral matter. The amount of in- 
digo is shown by the difference. 
The extracts of commerce are di- 
vided into single, double, and treble, 
according to their strength. The 
mean composition is : — 

Water. Indi^fo. Salts. 

Single extract . 89 0 4*90 57 

Double extract . 85 0 10*20 4*8 
Treble extract . 73*7 12 40 K19 

Red Sanders. — Sanders-wood, 
despite its cheapness, is not much 
used in dyeing. The red matter is 
accompanied by a brown colour, 
which must be completely eliminated 
— a process not unattended with 
difficulty. The principles found in 
Banders are— (1) A bitter, brown at- 
tractive matter, sparingly soluble in 
cold water, but readily soluble at a 
boil. (2) A red matter, sautalinc ; 
insoluble iu water, soluble in alcohol, 
strong boiling acetic acid, caustic, 
alkalies, and hot alkaline carbonates. 
It undergoes a change if exposed to 
the air in a moist state, and is oxi- 
dised, especially in presence of alka- 
lies. (3) 8antalidin, one of the oxi- 
dation-products of santaliue, is less 
insoluble in water than santaliue, 
but dissolves more freely in the other 
solvents. The powdered wood, ex- 
hausted in boiling water to remove 
the brown matter, is digested in a 
cold clear solution of chloride of lime 
as long as this becomes coloured. 
When this is done, it is carefully 
washed in cold water, and the dye- 
bath is pre^red. A hot, but not 
boiling, solution of carbonate of 


soda is prepared, into which is put 
the wood contained in a linen bag, 
and the pan is tightly covered. Heat 
is applied without bringing it to a 
boil. When the bath has acquired 
a bright red colour with a violet tint, 
it is ready for use. The goods 
(woollen, cotton, or linen), mordanted 
in an acid bath, are plunged into the 
Banders beck till they have the wished 
for shade, and are then returned to 
the acid beck. Sliades are thus ob- 
tained not inferior to madder work 
in brightness and solidity.— 
Zeilunif. 

[We copied this process from the 
note-book of a friend sixteen years 
ago, and are tlierefore much inter- 
ested to find that it has been re- 
discovered. ] — Chemical News. 

Colouring Matters from Aro- 
matic Oxy Compounds and Ni- 
trous Acid. — C. Liebermann 
{^Chemical News). Phenol Colour- 
liKj Matter. — 5 grms. of phenol 
were mixed with an efpial volume 
of concentrated sulphuric acid and 
well cooled, to prevent the forma- 
tion of i)henol-parasulphuric acid. 
The amount of the re-agent re(]uired 
(sulphuric acid mixed with 5 per 
cent, nitrite of ]>otash) was 29 grms. 
This was added, with agitation, in 
sucli portions that the temperature 
rose permanently to 49' to 59’ 0. 
without becoming higher. The solu- 
tion was at first brown, then a fine 
blue. I'lie operation, with the 
quantities iudi(;ated, lasted fifteen 
iriiniites. At last there was a faint 
disengagement of gas. On cooling, 
the solution was poured with con- 
stant stirring into a large amount of 
cold water, filtered, concentrated in 
a porcelain vessel, and dried in the 
exsiccator. The substance thus 
treated can be dried at 130® C., 
without undergoing any change. It 
is a brown powder, readily soluble 
in alcohol. In alkalies it dissolves 
with a royal-blue colour. Its com- 
position is CjgHjgNOj. 

Orcln Colour . — 10 grins, orcin, 10 

K 
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gnus, sulphuric acid, 40 grma. of 
the re-agent. The solution must be- 
come a fine purple red. When 
poured into an excess of water it 
yields a pure orange-red precipitate. 
The alkaline solution is purple with 
scarlet fluorescence. After washing 
for several days it is dissolved in 
alcohol, filtered and evaporated. It 
forms a splendid cantharides-like 
mass. Other colouring matters are 
obtained at the same time, varying 
in solubility. 

Thymol Colour . — 10 grma. thymol 
in fine powder, 10 grma. sulphuric 
acid, 40 ^ms. of the re-agent. In 
this case the re-agent must nc added 
immediately after the mixture with 
sulphuric acid. The solution is first 
green, and then blue ; the disen- 
gagement of gas must be avoided. 
The double vmume of sulphuric acid 
is then added, and the whole al- 
lowed to stand for some hours. It 
is then precipitated by being poured 
into an excess of water, filtered, and 
washed perfectly. A violet resin- 
ous mass, soluble in alcohol, with a 
tine violet- red colour. 

Manufacture of Anthrachi- 
non, — The conversion of 

antixracen into anthrachinon is gene- 
rally effected by means of bichro- 
mate of potash and sulphuric acid. 
Some manufacturers add a little 
nitric acid towards the end of the 
re-action. The anthraceu and the 
bichromate are intimately mixed, 
and the sulphuric acid, diluted, is 
added by degrees. On the large 
scale the operation is performed in 
vats lined with lead, in which steam 
is passed. The addition of acetic 
acid is an improvement. When it 
is used the proportion of sulphuric 
acid must be modified. On the 
small scale the following propor- 
tions are recommended 1 part an- 
thracen is mixed with parts of 
bichromate of potash, 4 parts of py- 
roligneous acid are added, and after 
healing a time 0 parts of sulphuric 
acid, previously diluted with double 


its volume of water, are gradually 
added. The mixture is heated in 
the water-bath till the re-action is at 
an end. The yield is almost equal 
to what theory requires. 

The anthrachinon generally re- 
quires to be purified. This is ef- 
fected by dissolving the crude pro- 
duct in sulphuric acid in cast-iron 
vessels, and heating until the evolu- 
tion of sulphurous acid ceases. It 
is then precipitated with excess of 
water, collected, well washed, 
pressed, and dried in a stove at 50'^ 
C. It is then a greenish-grey im- 
palpable powder . — Chemical News. 

Nitrate of Methyl.— C. flirard 
I {Soc. Chim. de Paris ). — Nitrate of 
methyl, which was discovered in 
1835 by M.M. Ilumas and Peligot, 
now occupies a very important posi- 
tion in dyeing. Since 18(12 it has 
supcrscd(3d mcthylic iodide in most 
tinctorial producing re-actions. 
Dumas and Peligot, in their re- 
searches on methylic alcohol and its 
ethereal compounds, pointed out 
the facility with which this body 
ignites and explodes if its vapour is 
supcrlicated. In consequence of tho 
recent explosions in Germany and 
in France, C. Girard has endea- 
voured to reduce its explosive pro- 
perties by the admixture of other 
bodies (as is the case with nitro- 
glycerin). He finds that many 
bodies, including tho cthylic, me- 
thylic, and amylic alcohols, aceton, 
benziii, tolueii, &c., under certain 
circumstances completely prevent 
the superheated vapour of methylic 
nitrate from detonating. A mixture 
of 2 to 3 parts of these bodies with 
1 of methylic nitrate does not give 
rise to explosions, even when burned 
in large quantities. Tho author 
finds, also, that nitrate of methyl, 
like nitro-glycerin, can be made to 
detonate by percussion. A piece of 
blotting-paper, steeped in methylic 
nitrate, laid upon an anvil, and 
struck heavily with a hammer, pro- 
duces an explosion as violent as that 
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given by nitro-glycerin under the 
same conditions. But if diluted 
with twice its weight of wood spirit 
it does not detonate when struck. 
With certain pulverulent and porous 
solids, such as tripoli, it forms dy- 
namites similar to those o])taiued 
from nitro-glycerin. 

The Production of Aniline 
Colours without the use of 
Arsenic Acid {Ckankal Mews ). — 
Coupler, of Paris, was the hrst to 
succeed in producing fuchsiiio by the 
action, at a suitable temperature, of 
hydrochloric acid and iron in small 
([u antities on pure aniline and nitro- 
toliiol. 'JMiough Coupler’s exx3eri- 
ments wore confirmed by Schiitzen- 
berger, the process was not ap- 
plied industrially before 1872, when 
Meister Lucius, and Briining, of 
lloechst, (Tcrmany, succeeded in 
working it on a largo scale. This 
firm, however, only manufacture a 
part of their colours by this method, 
as they still supply the market with 
dyes containing arsenic. 

More recently, the Gescllschaft 
flir Aniliu Fabrikatiou, of Berlm, 
have erected new works, where no 
arsenic acid is used in the prepara- 
tion of colours. Not only fuchsine 
(rubine), but all the colours derived 
from it which arc manufactured by 
this company are warranted to be 
produced without the employment 
of arsenic, and to be entirely free 
from tliis poisonous re-agent. 

I’lie BerJin Company are working 
Coupler’s process with .several im- 
portant modifications, and produce 
from 200 to ,‘!00 kilogs. of fuchsine 
per diem. Sonic speenmens of fuch- 
sinc and other colours manufactured 
by this company appear to be pro- 
ducts of unrivalled beauty, purity, 
and strength. The fuchsine is stated 
to be not only purer, but stronger 
than that made by the aid of arsenic 
acid, and is the pure hydrochloratc 
of rosaniline. 'fhe rosaniline base, 
from its great purity, is admirably 
adapted for the preparation of aniline 


blue ; and is largely use d by other 
manufacturers of aualiuo colours. 

Being free from arsenic, these dyes 
are not only fitted for colouring 
sweetmeats, liqueurs, syrups, and 
pharmaceutical preparations of every 
description, but may be used for 
many other industrial purposes 
where poisonous colours would be 
more or loss dangerous, as in tlie 
staining of paper, paper-hangings, 
toys, &c. 

it is to be desired that other 
manufacturers of these dyes should 
adopt the new method, and re- 
linquish the old arsenic acid process, 
which, apart fi om the inconveniences 
it has caused both manufacturers 
and consumers, has led to many 
lamentable accidents. 

Constituents of Madder. — M. 
R,oscn.stielil {Ann. Ch'nn. vtPhys ). — 
It is generally believed that these 
four distinct principles are present in 
madder— alizarin, purpuriu, pseudo- 
purpurin, and hydrated purpuriu. 
Bosenstiehl considers purpuriu and 
hydrated purpuriu are derived from 
pseudo-purpurin, and tliat there are 
only two distinct colouring princi- 
ples in madder — namely, alizarin 
and pseudo-purpurin. 

Purpurin. — De Tjalande {Bull, de 
MiUhouse) has succeeded in arti- 
ficially forming purpurin by the 
oxidation of alizarin. A mixture of 
concentrated sulphuric acid and 
artificial alizarin, with arsenic acid, 
or other oxidizing agent, is heated 
to 150 ' (;r U)0“(!. , and tlie product 
thrown into a large v olumc of water ; 
tlie j)reci])itate, wlnui Avell washed, 
i.s dissolved in a solution of alum, 
and on addition of an acid the pur- 
piu'in separates in dense flocks. 

Aniline Inks. — C. H. Viedt 
{Chemical Mews ). — For a red ink 
the author recommends a solution 
of 1 part of “ diamond fuchsine ” (we 
should say of Brooke, Simpson, and 
Bpiller’s roscin) in 150 to 200 parts 
of boiling water. For a blue he dis- 
solves I part of bleu de Paris in 
K 2 
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200 to 250 of water. For a violet, 
1 part of a Hofmann’s violet (blue 
shade) in 300 of water. A beautiful 
green ink is made by dissolving 
1 part of iodine green in 100 to 1 10 
parts of boiling water. The yellow 
aniline inks are not recommended. 
These inks liavc the advantages of 
drying quickly, and of never clog- 

^^^ordants for Dyeing Cotton 
Aniline Colours. — M. Ch, Girard 

{Reimann's Farher Zeihimj). — The 
mordants used for dyeing aniline 
blue are :~For diphenylainin blues, 
mordant the cotton in a solution of 
tannin at 3 per cent., and pass 
directly into a solution of alum neu- 
tralised with carbonate of soda, tlien 
dye directly in the aqueous solution 
of the blue ; brighten, wring and 
dry. For alkaline blues, of which 
the sulpho-coujugated salts are sodic 
or ammonic compounds, we take 
likewise an aqueous solution of tan- 
nin containing 3 per cent, of the 
weight of the cotton ; keep at a boil 
for a quarter of an hour, wring and 
dry. Then pass the cotton into a 
bath containing 1^ kilo, alum, 250 
grms. tartar emetic, 750 grms. soda 
crystals, and 250 grms. tartaric 
acid. These ingredients are dis- 
solved sepai’ately, and linally the 
colour is added. The bath is heated 
from 65"^ to 70' G., the cotton is en- 
tered and worked while the tempe- 
rature is allowed to sink. The bath 
serves continuously, more mordant 
being added as it becomes exhausted. 
Heavy shades are dyed first, then 
mediums, and then pale shades, lb 
dye cotton with saffranin and night- 
green , the cotton is first passed into 
a solution of bichloride or oxymu- 
riate of tin marking 2*^ Ik, wrung, 
passed into a tannin bath, wrung, 
and then passed into the dye-beck. 

Aniline Black. — Hitherto it 
has been considered impossible to re- 
move or discharge aniline black. 
G. Witz {Reiinamra Farber Zeitunri)^ 
however, has shown it to be possi- ! 


ble. He treats the aniline black 
with an acidulated solution of per- 
manganate of potash, when peroxide 
of manganese is deposited upon the 
fibre. This is then treated with a 
solution of oxalic acid, which re- 
moves the manganese, and leaves 
the tissue perfectly white. The 
solution of iicrmanganate may be 
thickened with infusorial silica 
(kiesclguhr), and printed upon the 
tissue, so that a white design can be 
produced upon an aniline black 
ground. The peroxide of manganese 
can also bo produced by other me- 
thods, c.f/., by successive treatment 
with salts of manganese and caustic 
soda. 

J apanese Bronzes. — E. J. Mau- 

mene {Covi.pfcs Rendtifi ). — The com- 
position of tlie specimens examined 
was as follows : — 


Copper . 
Till . . 
Antimony 
Ijoad . . 


li-on 
Manganese 
Silica 
Snlpliiir 
Loss 


1 . 

II. 

III. 

IV. 

8(5 

80 -01 

88-70 

92*07 

1 *04 


L>-58 

1*04 


0*44 

0-10 

— 

5 -(18 

rr'Sli 

8-54 

— 


8*08 

871 

2*(;:j 

0-07 

r4:i 

1-07 

8*04 


trace 


— 

0 10 

01(> 

o*:il 

079 

0-09 

0-04 

O-tiO 

0*21 

0.0(5 

100 -00 

100-00 

100-00 

100-00 


These bronzes were probably 
formed by the direct use of copper 
pyrites and antimouial galena, mixed 
with blende. 

Purification of Tin. — The 
principle of Fattinson’s process for 
the separation of alloyed silver and 
lead depends on the separation by 
crystallisation of the one body before 
the other, at the moment of partial 
solidification. This principle may 
be extended and applied to the sepa- 
ration of other metals whose degree 
of fusibility may be different. It 
may be taken as a general fact 
that foreign metals will be held 
suspended in a crystalline condi- 
tion in the liquid mass of any metal 
which has a lower point of fusion 
than themselves, provided that the 
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temperature of the liquid bath at 
the time be lower than the melting 
point of the foreign metals. The 
foreign crystallised metals can then 
be separated mechanically from the 
liquid bath by liltering. If such a 
process could be carried out with 
practical success, the saving effected 
in the puritication of many metals, 
in place of the present methods, { 
would be very large, and prove a 
great boon to our metallurgical 
industries. 

M. (Jurter, lias sought to apply 
this principle to the puritication of 
Bohemian tin, to enable it to com- 
pete successfully with the English 
or Australian qualities. He uses 
leaves or sheets of very thin white 
iron, measuring about (iO millimetres 
by 4 millimetres ; 500 of these sheets 
are driven tightly into an iron frame, 
by means of two wedges, and this 
frame is fixed in the open bottom of I 
a graphite crucible. These leaves 
form an effective filter, the liquid 
tin being able to penetrate between 
the thin sheets, wiiilst the smallest 
crystal of foreign metals is excluded. 

The tin which was to be filtered 
is melted first in another crucilde, 
and then allowed to cool until a thin 
coating of crystals has formed on 
the surface. After skimming back 
this skin, the lifjuid metal already 
becoming thick is poured into the 
liltering crucible. The liipiid metal 
then percolates slowly through the 
cajiillary interstices of the plates, 
leaving behind a thick deposit, in 
which is found iron, arsenic, and 
copper concentrated to a high degree 
and mixed with a little tin. 4die 
metal which filters through is abnost 
chemically pure tin. In this way 
Bohemian tin can be perfectly puri- 
fied in an exceedingly simple and in- 
expensive manner. Instead of the 
filter described as above, a mass of 
wrought or cast iron shavings, or 
borings, submitted to a high jires- 
sure m the bottom of a cylindrical' 
vessel might be employed. — Iron, 


Tin in Powder.— To prepare 
tin for tinning brass, copper, and 
iron : — Melt the metaJ in a crucible 
which has previously been slightly 
warmed, and at the moment the 
metal begins to sot, and when it is 
very brittle, pound it up rapidly, 
and when (juitc cold pass it through 
a sieve to remove any large particles 
that may remain. — Mininfj and 
Momtar]f Gazette. 

Sparks fromPhosphor Bronze 
and Gun Metal.— A number of 
experiments to determine the com- 
parative liability of copper, ordinary 
bronze (gun-metal), and phosphor- 
bronze to emit sparks when sub- 
jected to sharp friction or percus- 
sion, have recently been carried out 
in the Royal Gunpowder Factory, 
Waltham Abbev, in the presence of 
Colonel Younghusband, Major Ma- 
jondie, Major Morgan, &c. 

During each experiment the gas 
was extinguished, leaving the room 
in total darkness, so that the least 
spark could bo readily extinguished. 

The results obtained show that 
copper, gun-metal, and phosphor- 
bronze are all liable to emit sparks, 
or, as it is commonly called, “ strike 
tire,” when subjected to a certain 
description and degree of friction, 
the degree of liability appearing to 
vary with the different alloys and 
frictional surfaces, and, to some 
extent, with the construction and 
consequent rigidity of the article 
employed. The harder descriptions 
of phosphor-bronze emit sparks less 
readily than the softer samples, and 
less readily than ordinary bronze 
or even than copper. 

The great value of these experi- 
ments consists in the positive evi- 
dence which they furnish as to 
the somewhat unexpected readiness 
with which, under certain conditions, 
sparks, and even a stream of sparks, 
more or less intense and continuous, 
may bo obtained by friction from 
such metals as copper, gim-metal, 
and phosphor-bronze. This result 
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can liardlv fail to possess a practical 
interest for manufacturers of gun- 
powder and other explosives, and 
for persons who are called upon to 
deaf with and handle these sub- 
stances. At the same time these 
experiments bear ample testimony 
to the very great superiority of 
copper, gun -metal and phosphor- 
bronze to iron and steel in regard 
to the liability to “strike fire.” 
The numerals distinguish the sam- 
ples of phosphor-bronze, No. 2 
being the softest and No. 8 the 
hardest. 

A “ free grit ” stone, of the same 
description as is used for sharpening 
small tools and razors, 0 inches dia- 
meter, revolving 1220 revolutions 
per minute, travelling 2079 feet per 
minute, was used for these experi- 
ments, the material experimented 
with being in each case applied 
firmly to the revolving stone and 
held against it for about half a 
minute. The first experiment was 
with No. 2 phosphor-bronze, which 
occasioned sparks, and sometimes a 
stream of them. A tliin gun-metal 
knife gave a few sparks, but no con- 
tinous stream ; a gun-metal lever of 
stouter section and altogether harder 
than the knife, gave numerous 
sparks and at times a slight stream ; a 
gun-metal ingot, for making bolts, &c., 
good casting, gave few syiarks, but 
chiefly a continuous feeble stream : 
a similar ingot, but a rotten cast- 
ing, gave an uninterrupted stream 
of sparks. With No. 4 phosphor- 
bronze, some veiy strong sparks 
were obtained, and at times almost 
a succession, but generally rather of 
the nature of a prolonged spark. 
With No. 7 phosphor-bronze, one 
or two strong sparks were obtained, 
but no indication of a continuous 
stream. (This is the alloy usually 
employed for the tools and fit- 
tings of gunpowder works where 
phosphor-bronze is used.) With 
No, 8 phosphor-bronze, which is so 
hard that it can be used to chisel 


hard beech, only one faint spark 
was obtained. 

Scheerer’s Process for Elim- 
inating Phosphorus from Iron. 

— A very superior bar iron can bo 
made from phosphorettod cast iron 
by this method at practically no in- 
crease of cost. The process consists 
in tho use of a fused mixture of 
chloride of calcium and common 
salt in equal proportions, which is 
intimately mixed with the molten 
iron ill the puddling furnace, either 
by adding it gradually in 2 lb. water- 
tight packages, or placing tlie whole 
(quantity required upon the bed of 
the furnace at first— in either case 
working it very thoroughly with the 
metal. The puddling process is said 
to be generally so much shortened 
that the consequent dimiuution in 
the waste of iron almost equals tho 
cost of the materials added. Tho 
quantity of the mixed chlorides re- 
quired is about three times that of 
I the phosiihorus present in the iron. 
The action of other chlorides is stated 
to have been found very disadvan- 
tageous. — Iron. 

Carbon in Iron. — M. Boussin- 
gault [ikmipten liendus) finds that 
carbon exists in carburetted iron in 
various proportions. Steel contains 
7 to 10 lOOOtli parts when hard, 
10 to 15 soft. Pig-iron contains 
2 to 4 lOOths, and sometimes 
even 5 lOOths. The quantity is 
dillicult to settle, as it can only be 
ascertained in analysis by the differ- 
ence with manganese, silicium, phos- 
jiliorus, sulphur, and chromium. 
The average of the results is 4 *40. 
When grey the iron has given up its 
carbon in the form of graphite ; but 
M. Boussingault found no sensible 
difference in the (quantity of carbon 
ill grey and white pig. In all cases, 
if the real combination of iron with 
carbon be admitted, it takes place 
then — 5 equivalents of iron for 1 
of carbon. Whatever be the tem- 
perature it is impossible, says M, 

I Boussingault, to make more than 5 
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per cent, of carbon cuter the iron ; 
this is the limit. 

Steel Forging Process.— Gar- 
nan t and Seigfiela. — The steel to be 
worked is heated to redness, it is 
then sprinkled with powdered salt, 
while in this state it is worked 
nearly to the required shape, the salt 
being from time to time renewed. 
Next, a mixture containing equal 
parts of sodium chloride, suli)hate 
of copper, sal ammoniac, and car- 
bonate of potassium with half-a-pint 
of nitre is sprinkled on the steel, the 
steel is heated afresh, and tlie sprink- 
ling is continued till a sulHcicnt de- 
gree of refinement throughout tlie 
whole mass has been attained, and 
the steel has been worked into the 
required shape. The steel is a third 
time heated slowly till it is of a 
cherry-rcd colour, and at once 
jdiingod ijito a bath containing a 
mixture of ;j*7 litres pure water, 
42 '4 grammes alum, and the same 
quantity of ])otassiimi carbonate, of 
copper sulphate, and 28 *.‘1 grammes 
nitre with 109*8 grammes sodium 
chloride. The right to use this pro- 
cess has bceu l)ought by the U. 58. 
Government. 

Solder for Brazing Steel. — 
The following solder will l)raze steel, 
and may be found very useful in 
case of a valve, stem or other light 
portion breaking wdicn it is impor- 
tant that the engine should continue 
w ork for some time longer : — Silver, 
19 parts ; copper, 1 part ; brass, 2 
parts. If practicable, charcoal dust 


should be strewed over the melted 
metal of the crucible. — 

Novel Method of Welding 
Steel to Iron. — If thefollowingpro- 
cess, than which nothing can he more 
simple, he found to be attended with 
the same results in general practice as 
are claimed to liave been achieved 
ill experiments, a great industrial 
problem will have been solved. The 
two surfaces to be welded are slightly 
wetted, and pow’dered with a mix- 
ture of one part of dried borax, one 
part of tine iron tilings, and a quarter 
part of prussiate of potash. The 
pieces of iron and steel are then 
tightly hound together, either with 
iron wire or by other means, when 
all that remains to be done to obtain 
a perfect weld is to beat them to a 
temperature of from 35t) to 400 deg. 
(Pahr.) and subject them to blows 
from a steam Jianimer, or pass them 
l)ctwecn rolls. — /rou. 

Smooth and Brilliant Cast- 
ings. — M. Colliguon says that a 
saving of 80 per cent, is made by 
substituting for the sifted coal and 
charcoal used with green sand for 
small iron castings a careful mix- 
ture of one part of tar with twenty 
of green sand. (Jastings produced 
from moulds w ith such a mixture are 
smooth and bright, because the tar 
prevents the metal adhering to the 
sand, and also the formation of 
blisters. Such a mixture likewise 
aids greatly in the production of 
large castings, as the tar absorbs 
the hiimidi^ of the sand. 
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GEOLOGY. 

Address of Dr. Wright, President of the Geological Section, British 
Association . — Geological and Palccontologicnl Character of the Country 
around Bristol. 


Geology is the history of the 
earth ; for it attempts to construct 
a table of phenomena, pljysical and 
chemical, organic and inorganic, 
which have succeeded each other 
from the past to the present, and on 
the terrestrial surface traces of its 
origin and progress are preserved. 

That phase which we see to-day 
is only the most recent of its event- 
ful history, and although the last, 
is not the final one, as the phy- 
sical forces that are ever in action 
among its diflerent parts are slowly 
and steadily producing new combi- 
nations, which in time will effect 
mutations in its structure, change 
its physiography, and remodel the 
whole. 

There are ten periods represented 
by the rocks of the neighbourhood 
of Bristol, from the oldest Silurian 
of Tortworth to the Alluvium of 
Bristol itself. Tlic localities may 
be grouped into six districts : — 

1. Tortworth. 4. Bristol. 

2. Mendip Hills. 5. Duiidry. 

3. Radstock. 6. Bridgewater. 

The Silurian in Tortwith district 

has long been classical ground to 
the geologist, but the true age and 
relation of the transition strata were 
not understood until Murchison’s 
work was published. An old sand- 
stone which abounds in fossils is the 
dominant rock, and is called Cara- 
doc, or Upper Llandovery Sand- 
stone. The Wenlock limestone and 
the Ludlow rock, which is exposed 
at low water on the west bank of 
the Severn at Purton Passage, are 
the other Silurian members m this 


group. These are succeeded by a 
red sandstone of the Devonian 
group, with the whitish-grey flags 
in its upper parts of which Tort- 
worth Court is built. 

Also we get a well-developed bone- 
bed at the base of the carboniferous 
rocks, and above the coal-measures 
a curious conglomerate. This for- 
mation is composed principally of 
rounded and angular fragments of 
limestone, exceeding the size of the 
head, with fragments of quartz and 
greenstone, cemented together with 
a calcareous i)ast(*, which is generally 
magnesian. 

The Mendip Hills extend nearly 
due east and west for thirty miles, 
with an average breadth of six 
miles, and constitute the southern 
base of the Bristol coalfield. They 
consist chiefly of old red sand- 
stone, carboniferous limestone, and 
trias. This last is represented by 
a magnesian conglomerate, flanking 
the hills, and in places capping their 
summits. 

Old red sandstone forms the oldest 
stratified rock, and is, strictly speak- 
ing, the axis of the Mendip Hills. 
This nucleus is surrounded, and in 
parts overlain, by carboniferous 
limestone, which conforms with it 
both in dip and strike. The car- 
boniferous limestone is grandly de- 
veloped, and constitutes the great 
mass of the chain. On the northern 
flank of the Mendips, but highly 
contorted, are the well-known coal- 
beds of Holcombe, &c. There is 
no reason why we should not 
conclude that the coals of the 
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northern side once extended across 
the Mendips, and now lie deeply 
buried along the south part of the 
range. Numerous islands of car- 
boniferous limestone, surrounded by 
triassic rocks, occur at Wells and 
other places, and the entire range 
of the Mendips is surrounded by a 
limestone conglomerate. This con- 
glomerate is composed entirely of 
fragments of the older rocks com- 
posing the hills, and is the result of 
the denuding action of the sea 
which deposited the Keuper beds. 
This marine denudation took jdace 
when the entire area occupied by 
the Mendips and coal-basin under- 
went depression, the dolomitic con- 
glomerate and sandstones accumu- 
lating pro rata with the depression 
and consequent destruction of the 
rocks offered for resistance. This 
conglomerate, the ‘ ‘ overlie ” of the 
coal-miners of the Bristol basin, al- 
though visible only upon the Bahe- 
ozoic rocks surrounding the coal- 
bearing area, is nevertheless spread 
over them, and beneath the new red 
sandstones that occupy nearly the 
entire area from Tortworth to the 
southern hanks of the Mendips, its 
presence being marked by the marls 
and sandstones of the Keuper, the 
lias limestones, and in other places 
the oolitic rocks that lie within 
tlie coal-basin, especially along its 
south-east border from Hath to 
Wells. We have no jdiysical evi- 
dence more convincing of denudation, 
elevation, and depression over large 
areas of the earth’s surface, than that 
which we' can witness easily and 
study advantageously in the Mendip 
Hills ; for this conglomerate rock 
here defines the limits between 
Mesozoic and Paheozoic times : the 
higlily inclined old red sandstone 
forms the nucleus of the chain, the 
carboniferous rocks resting upon it ; 
and the coal-measures in conform- 
able succession to the latter were 
all indurated, metamorphosed, ele- 
vated, and thrown into folds long 


rior to the time when, under slow 
epression, destruction, and denuda- 
tion, the dolomitic conglomerate was 
laid down by the triassic sea — the 
resultant of wave-forces along a 
coast-lime which was then the Men- 
dip range, its shingle and boulders 
being slowly cemented by a mag- 
nesio-calcareous paste derived from 
tlie wasting beds of the great lime- 
stone series. 

There is, moreover, evidence of a 
rhoetic sea which surrounded and 
covered the Mendips, in some cherty 
and sandy deposits overlying all the 
older rocks, and passing upwards 
into the lias beds, which in this 
district are found in fragmentary 
portions. 

Two dykes have been observed in 
the district, one seven miles in 
length, coincident with the axis of 
the Mendips, the otlicr at Bleadon. 
The ago of the dykes is subsequent 
to that of the coal-measures, the 
wljt>le of the Paheozoic rocks being 
disturbed alike, and lying at one 
general jingle of inclination, while 
the secondary rocks are not affected 
by these Palamzoic changes. 

Although more or less connected 
throughout, the coal-fields adjoining 
Bristol consist of three well-delinea 
areas, called the Gloucestershire, 
Kadstock, and Nailsea basins, each 
of which has its own distinctive 
features. Of these three areas Jlad- 
stock basin is the most extensive, 
both geographically and scctionally, 
a great portioii of its thickness l>eing 
yet entirely undeveloped. 

A very slight change in the geo- 
logical circumstances of the past 
would have left us in entire igno- 
rance of the existence of a coal held 
so far south as Bristol ; and this re- 
flection induces the hope that in 
othe* parts of the country (at pre- 
sent believed to be witliout coal, or, 
if present, to lie at such a depth 
from the surface that it cannot be 
worked) it may yet be discovered at 
a moderate depth. 
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Another feature of the Radstock 
coal-measure is their ^reat thickness, 
which Mr. M‘Murtne estimates at, 
8,000 feet. From this we may infer [ 
that, however limited the area in ; 
Somersetshire of which we have at 
present positive knowledge, we are 
very far indeed from the edge of 
that infinitely more extensive area 
which the coal-measures of the South 
of England originally occupied, and 
within, which outlying Ijasins may 
still be found. 

It is abundantly evident that tlie 
Bristol coal-field was originally con- 
nected with til at of the Forest of 
Dean and South Wales, with which 
it has many characters in common, 
although it diflcrs in other respects. 

In all we find tlie same arrange- 
ment of tlie different strata, namely : 
— 1st, an upper division of produc- 
tive coal-mcasur(;s ; ‘Jnd, a central 
raassof pennant sandstone; and, drd, 
beneath, a lower division of pro- 
ductive coal-iricasurcs resting ujmn, 
4th, the millstone grit. Hitherto it 
has been found impossible to cor- 
relate the seams of coal ; but they 
present many points of general cor- 
respondence in the districts referred 
to ; and the information obtained 
leads to the conclusion that their 
neatest sectional development occurs 
between liadstock and Bristol, ac- 
cording to the following estimate of 
the thickness of the strata, number 
of seams, and thickness of coal 
seams : — 

Htkata and Coal-seams. 



Upper Coal 
Measures . 

2,000 

1 

hi 

1 Feet. 

i 20 

Inches. 

10 

Pen n a n t 





Sandstone 

2.750 

4 ' 

5 

10 

Lower Coal 1 

Measures . 

2,800 

20 i 

GO 

0 


8,150 

46 1 

1 07 

20 


This great sectional thickness is 
attended, however, with serious dis- 
advantages; for altliough, according 
to the report of the Royal Coju 
C ommission, the Bristol coal-field 
was estimated to contain 6, 104 mil- 
lions of tons of coals, a large portion 
of it lies at an unworkable depth. 

In many of the collieries seams of 
from 1 0 to J 2 inches in thickness are 
extensively worked, thus setting a 
good example of economy of one of 
the most precious natural produc- 
tions to other parts of England, 
where veins of similar thickness 
arc left behind as worthless. 

The Bristol district is contained in 
a circle of eight miles’ radius from 
the Cuildhall. There are exposures 
of the old red sandstone and the 
other old beds already mentioned 
beside higher beds of lias and oolite. 
The carboniferous limestone is a' 
great marine formation, and is 
formed of the sediments of an ex- 
tensive and wide-spreading sea.; the 
beautiful sceneiy so characteristic of 
the Avon, Severn, and Wye is in a 
great measure due to tlie develop- 
ment of this rock in these regions. 
One of the grandest sections of all 
the beds of the carboniferous lime- 
stone is that exposed in the gorge of 
the Avon near (Jliftou, wdiere it is 
seen resting on the old red sand- 
stone, and overlain by the millstone 
grit. 

Last ill order, as latest in point of 
time, we come to the Dundry dis- 
trict, which displays the oolitic 
formations. Having considered the 
stratigraphical relation of the rocks 
in the Bristol district, I desire now 
to say a few' words on the organic 
remains found imhedded in these 
strata. The science of Ralseontology 
{'palaiosy old ; onta^ beings) forms an 
immense field of observation, and 
one that widens more and more 
every year. 

It is now established, 1st, that the 
stratified rocks containing organic 
remains admit of a division into four 



GEOLOGY. 


139 


great groups, representing four great 
Ijeriods of time : — the l^ala^ozoic or 
Ancient ; the Mesozoic or Middle ; 
the Cainozoic or Tertiary ; and the 
Quaternary or Modern periods. 2nd. 
That each period is distinguished by 
its own hieroglyphic characters, 
which are graven on the rocks in 
definite and determinable characters. 
3rd. TJiat these hieroglyphics are 
the fossil remains or imprints of ani- 
mals that lived in the water in which 
the sediments were formed in suc- 
cessive layers on tlie earth’s crust, 
and are tndy found in the rocks they 
distinguisli, so that it is possildc to 
determine the age and positi<»n of 
tlie strata from wliich they have 
l)een collected, or, in other words, 
identify strata by organic remains ; 
and by tliis key we are enabled to 
road the pages of the I lock-book, 
study tlie liistory of extinct forms 
of life, and determine their distri- 
bution in time and space. 

Ijot us apply these priuciplcs to 
the subject we have in hand. The 
Pala:!OZoic period comprises the his- | 
tory of the Cambro-Silurian, Devo- 
nian, ( 'arbouiferous, and Permian 
ages ; and if we attentively examine 
the fossils of this period we shall 
see that all the organisms belonging 
to one age arc entirely distinct from 
those belonging to the others. You 
will find, for example, in the case of 
the Silurian age, some beautiful 
corals, crinoids, and cc]jhalo])ods, 
witli a remarkable assemblage of 
Crustacea, the reprcscutativc of an 
extinct family, the trilobitida*, 
which are so highly characteristic of 
this age tliat the rocks may be 
called trilobitic. ] 

The Devonian age succeeds the 
Silurian ; and among the corals and 
shells we observe a striking resem- 
blance to those of tlie Silurian on 
the one side and the Carboniferous 
limestone on the other ; and when 
closely examined we find that many 
are generally, and all arc specifically 
distinct from both : besides this, we 


discover that a new group of organ- 
isms of a diti'erent and higher type 
of structure are now introduced for 
the first time, namely, those remark- 
able forms of the ichthyic class the 
fishes of the old red sandstone, and 
whose singular forms with their 
bony armour and osseous scales re- 
mind us of the remarkable fishes 
Lrpidostcus and Folypterus^ from 
North American, African, and Aus- 
tralian rivers of our time. The 
hieroglyphics, therefore, engraven 
on tho strata of the second age are 
visibly diUcrcnt from those on the 
first. 

The Carboniferous succeeds the 
Devonian : tJie fine specimens of tho 
anthozoa show clearly that this por- 
tion of the section was formed in a 
tropical sea, and [that the limestone 
is tJie product of the living energies 
of jiolyps, of the family Favositidaj, 
C^yatliopliylitlio, &c. The trilobites, 
wdiich tormed so remarkable a fea- 
ture in the fauna of the Silurian sea, 
are now represented by PluU'rpnia, a 
dwarfed genus of the family. 

The life of the carboniferous limc- 
stoue proves that it was a great 
marine formation accumulated dur- 
ing a long lapse of time out of the 
exuviae and sediments of many gene- 
rations of moUusca, echinodermata, 
and actinozoa, thel reef -building 
corals having contributed largely to 
the thickness of the cond beds, and 
the wasted reefs of former geuera- 
tit)U8 having been used up again and 
again in the fonnation of the oolitic 
beds which succeeded tlie reef-build- 
ing periods. 

The coal-measures present a re- 
markable contrast to the coral sea 
of the carboniferous era. The ferns 
kjiidodviidra) and other 
arborescent acrogens of the coal- 
seims grew and fiourished in low 
islands ; and their remains were ac- 
cumulated under conditions very 
different from those in which the 
thick- bedded limestones of the Avon 
section were formed. 



140 


THE YEAR-BOOK OF FACTS. 


With the close of Palseozoic time 
mighty changes took place. Volcanic 
agency was intense and active, flex- 
ing, contorting, and upheaving the 
older beds. These displacements in 
our area are well exemplified in the 
unconformable position of the dolo- 
mitic conglomerate and new red 
sandstone of the Bristol district. 

The dolomitie conglomerate con- 
tains the bones of dinosauriaii rep- 
tiles. 

We know very little of the life of 
the trias in the district under con- 
sideration, beyond the reptilian 
remains first noticed here, until 
wo come to the close of this age, 
when we lind upper grey marls 
of the Keuper overlain by and pass- 
ing into a series of black shales and 
limestones known as the Avicala 
coniorta or rlnetic beds, which com- 
prise the famous bone-bed of Aust 
Clifl.' known to all geologists. It is 
the teeth of (Umttodus, or horned 
teeth, that have made Aust C'liff 
famous ; and more than 400 different 
forms have been described. When 
these horned teeth, so called from 
the prominences they exhibit, were 
first described by Agassiz, tlie living 
species of this genus was not known ; 
it is uow^ ascertained that it lives in 
the Mary, Dawson, and other rivers 
of Queensland, and is called by the 
natives “barramanda.” The Cc7u- 
todvs is very nearly allied to the 
LejddO'simif is cartilaginous, a veget- 
able-eater, and, like the Lrphlutiirru^ 
lives in muddy creeks ; during tlie 
hot season it buries itself in the 
mud, whence it is dug up by the 
natives, its retieat being discovered 
by the air-hole through which it 
breathes ; its nostrils arc jdaced in 
the inside of the roof of the moutli. 

The lias, which succeeds the Avi- 
cida contorta beds, presents a remark- 
able contrast to them, and shows 
how much the life-conditions of every 
age depend on the physical agents 
that surround it. Two groups 
of animals appeared in great force 


in the liassic sea — ammonites and 
reptiles. 

The ammonites attained a large 
size ; and the middle and upper 
divisions of the same formations 
were all characterised by different 
species that marked horizons of life 
in these divisions. Associated with 
the ammonites, a large assemblage 
of other moUusca are found, and a 
Xjrofusion of belemnites and large 
Nautili. 

The rcptilcswere very large, Iclithy- 
osaivnis and Plesiosaurus were the 
dominant forms ; and Bterodactyles 
with exj)anded wings performed the 
l)art of birds on the dry land of that 
era ; so that the air, the estuary, 
and the ocean had each se^jarato 
forms of reptile life in the Lias age. 
Another change of conditions intro- 
duces us to new forms in the! lower 
Jurassic sea. A large number of 
sjjecies of conchifera and gastero- 
X)oda crowd the shelly beds of the 
inferior oolite ; and new forms of 
ammonites api^ertaining to groups 
entirely diirercnt from those of the 
lias are found in abundance in Dun- 
dry Hill. In addition to the mol- 
lusca we lind many beautiful forms 
of echinodermata, and a large col- 
lection of reef -building corals in the 
uj)xier beds of the hill. 

The Jurassic rocks were accumu- 
lated as sediments or shore-deposits 
under many changes of condition ; 
and the idea of a slowly -subsiding 
bed of the coralline sea gives us, 
l>erhapH, the nearest apj^roach to 
what aj^pears to have i)rcvailed. 

The Jurassic waters were studded 
with coral-reefs, extending over an 
area equal to that of Eurojje, as they 
stretch through England diagonally 
from Yorksliire to Dorsetshire, 
through France from the coast of 
Normandy to the shores of the 
Mediterranean, forming besides a 
chain winding obliquely through the 
Ardennes in the north to Charente- 
Inf^rieure in the south, including 
Savoy, the Hautes-Alpes and Basses- 
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Alpes, the Jura, the Franche-comtd, 
the Jura Chaiu of Switzerland 
throughout its entire length from 
Schaff hausen on tlie llhine to Co- 
bourg in Saxony/aud along the range 
of the Swabian Alps and Franconian 
Jura. Throughout all this widely- 
extended oolitic region, coralline 
strafci were accumulating through 
countless ages by the living energies 
of Jurassic polyps, as all the madre- 
poric limestone beds in these forma- 
tions are due to the life-energies of 
different species of these creatures ; 
and were we to venture to estimate 
the lapse of time occupied in the 
deposit of the coral oolites by what 
we know of the life-history of some 
living species, we should find good 
reason for concluding that the 
Jurassic age must have been one of 
long duration. It is not the mere 
coralline structure st that is due 
to polyp-life, but the entire mass of 
oolitic limestones are the products 
of the same vital force ; for there 
could be no doubt in the mind of 
any competent observer who care- 
fully examined such a rock, that it 
was a mass of coral secreted by a 
Jurassic polyp, and that the oolitic 
limestone which surrounds the coral 
stem is the product of a portion of a 
wasted reef which had been broken 
up, ground into mud, and consti- 
tuted the paste that had coated par- 
ticles on the shore, aud formed hy 
the roll of the wave.s the globules 
which were afterwards comciited by 
calcareous waters, aud the wliole 
transformed into the rock wc call 
oolitic limestone. 

The reefs that remain arc merely 
fragments of those which had been ; 
and those that have disappeared 
furnished the calcareous material 
out of which the oolites of subse- 
quent formations have been built 
up. 

In these remarks I have carefully 
avoided any allusion to the origin of 
species, because geology suggests no 
theory of natural causes, and jiaheon- 


tology affords no support to the 
hyjxithesis which seeks by a system 
of evolution to derive all the varied 
forms of organic life from pre- 
existing organisms of a lower type. 
As far as I have been able to read 
the records of the rocks, I confess 
I have failed to discover any lineal 
series among the vast assemblage of 
extinct sjiccies which might form a 
basis and lend reliable biological su})- 
port to such a theory. Instead of a 
gradation upwards in certain groups 
aud classes f)f fossil animals, we find, 
on the contrary, that their lirst rc- 
})rcsentativcs are not the lowest, 
but often highly organised types of 
the class to which they belong. 
This is well illustrated in the corals, 
crinoids, asteriadiu, molhisca and 
Crustacea of the Silurian age, and 
w’hich make iq) the beginnings of 
life in the Pahezoic period. The 
fishes of the old red sandstone, wo 
have already seen, occupy a respect- 
able position among the pisces ; and 
the reptiles of the trias are not tho 
lowest forms of their class, but 
highly organised dinosaiiria. IcJi- 
thyosaurns^ Pterodac- 

T(d£o,muruiiy aud Mp(j(doH(mruH 
stand out in hold relief from the 
mesozoic strata as remarkable types 
of animal life that were specially 
organised and luarvellonsly adapted 
to fiillil imiiortant conditions of ex- 
istence in the reptilian age ; they 
allord, I submit, conclusive evidence 
of s])ecial w'ork of the Great De- 
signing Mind which pervades all 
creation, organic aud inorganic. In 
a wmrd, palaeontology l)rings us face 
to face w'ith the ( Creator, aud shows 
us plainly how' in all that marvellous 
past there alw^ays has existed the 
most complete aud jierfect relation 
between external nature and the 
stijjLicturo and duration of the or- 
ganic forms which gave life and 
activity to each succeeding age. 

Paleontology likewise discloses to 
our feeble understanding some of 
those methods by which the Infinite 
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works throiigli natural forces to 
accomplish and maintain His crea- 
tive design, and thereby teaches us 
that there has been a glorious 
scheme, and a gradual accomplish- 
ment of purpose through unmea- 
sured periods of time ; but pahe- 
ontology affords no solution of the 
problem of creation, whether of 
kinds, of matter, or- of species of 
life, beyond tliis, that although 
countless ages Jiavc rolled away 
since the denizens of the Silurian 
beach lived, and moved, and had 
their being, the same biological laws 
that governed their life, assigned 
them their position in the world’s 
story, and limited their duration in 
time and space, are identical with 
those which are expressed in the 
morphology and distrilnition of tlic 
countless organisms which live on 
the earth’s surface at the present 
time; and tJiis fact realises in a 
material form the truth and fonje of 
those assuring words, that the (Ireat 
Author of all things, in these His 
works, is the same yesterday, to-day, 
and for ever. 

Dawsonite . — {A cademy). — It is 
worth recording that Dr. Harrington, 
chemist to the Geological Survey of 
Canada, has recently described a 
new mineral-species which presents 
a remarkable chemical constitution, 
iuasmucli as it appears from the 
analyses to be a hydrous carbonate 
of alumina, lime, and soda. The 
existence of an artificial carbonate 
of alumina is extremely doubtful, 
but it should not be forgotten that 
many years ago a mineral from Hove, 
near Brighton, was dt^scribed by 
Messrs. J. H. and (J. Cfladstone, 
under the name of Hovitc, and that 
these chemists then suggested that 
their specimen might he a carbonate 
of alumina and lime. The Canadian 
mineral may have a similar consti- 
tution, or it may be merely a com- 
pound of hydrate of alumina, with 
the carbonates of lime and soda. 
This new species v^as found at M ‘GUI 


College, Montreal, and has received 
the name of Dawsonito, after the dis- 
tinguished Principal of the College. 

Water of Artesian Wells of 
Grenelle, — M. Gcrardin {Ccmi^^tcs 
]ken(lns) finds that there is no oxy- 
gen present in the water from tlic 
lower sandstone of this locality, nor 
from the Hilly gravel beneath the 
clay, nor from the Soissonais gravel. 
Neither was this gas discovered in 
the water from the artesian well at 
Gonessc. M. Gerardin concludes 
that water obtained from subter- 
ranean depths does not contain 
oxygen if kc^it from contact with 
the atmosphere. This precaution is 
essential, for in contact with the air 
it dissolves several cubic centimetres 
'of oxygen. Tlie autlior has often 
found in the interior of the ascension 
tubes long white opaline hlamentary 
alg.'o. These algjc present the 
curious property that th(*y remain 
white in solar liglit as long as the 
water is deprived of oxygen ; but 
they become green tlie iustant the 
water is the least aerated. Their 
sensibility to the action of oxygen is 
most delicate. The action of the 
algjB serves to confirm the chemical 
teat with hyposulphite of soda. 

The Bate of Erosion at Nia- 
g'ara. — T. Belt. — It is generally 
supposed that tlie entire gorge from 
Queenstown to tlie Falls, a distance 
of seven miles, has been excavated 
by the present river since the Glacial 
period. Sir Gharles Lyell estimated 
that the river is cutting its way 
back at the rate of aliout one foot 
per annum, but Mr. Belt believes 
that tlie retrocession does not pro- 
ceed at more than one-tenth of this 
rate. He maintains, too, that the 
gorge from the whirlpool to the 
Falls Avas cut out in pro -glacial 
times, and that the present river 
has excavated only that portion of 
the gorge which is worn out in the 
softer beds between the whirlpool 
and Queenstown ; its work above 
that point having been confined to 
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clearing out the bed of the old pre- 

f facial river in the harder rocks. 
Ir. Belt believes tliat the facts con- 
nected with Niagara lend support to 
his views, which refer the appearance 
of the Glacial epoch to a more recent 
period than that usually assumed. — 
Quarterly Journal of Science. 

Great Salt Lake.— G. K. Gil- 
bert {Geolofj. Hep., Lieut. Wheeler, 
U.S.N .). — "^lat is now Great Salt 
Lake must at one time have been 
much higher and its area much 
greater than it is at present. Former 
levels are marked by a series of 
conspicuous shore-lines carried on 
the adjacent mountain slopes to a 
height of more than 900 feet. When 
the waters rose to the uppermost 
beach they must have covered an 
area of about 18,000 square miles, 
eleven times that of the present 
lake, and a trill c loss than that of 
Lake Huron ; the average dejith was 
450 feet, and the volume of water 
nearly 400 times greater than now. 
The lake was diversified by numer- 
ous rocky islands and promontories, 
and its water was fresh. The 
flooding of the Great Salt Lake 
valley, Mr. Gilbert belitjves, marked 
a temporary change of climate, and 
was contemporary with the general 
glaciation of the northern portion of 
N. America, and with the forma- 
tioi} of the numerous local glaciers 
of western mountain systems ; he 
considers it a phenomenon of the 
Glacial epoch. While the general 
climatal change that caused or ac- 
companied that eijoch (depression of 
temperature, carrying with it de- 
crease of evaporation, if not increase 
of precipitation) may be adduced as 
the cause of the inundation of Utah, 
Mr. fdilbert sees no reason to suppose 
that the relative humidities of the 
various yjositions of the N. Amer- 
ican continent were greatly changed ; 
and this consideration will aid in 
accounting, he thinks, for the curious 
fact that the ice in the eastern sea- 
board stretched unbroken past the 


fortieth parallel, while under the 
same latitude in the Cordilleras no 
glaciers formed below 9,000 feet. 

A Descent into Elden Hole, 
Derbyshire.— Booko Pennin^on 
(Lit. Phil. iSoc., Manchester). — Near 
the road from Buxton to Castleton, 
and about four miles from the latter 
pLace, stands Eldon Hill, in the side 
of winch is Elden Hole, a perpen- 
dicular chasm in the rock, and, like 
many such apertures, reputed to be 
bottomless. At a distance of 180 
feet from the top a landing-place 
was reached, although not a very 
secure one, as it was inclined at an 
angle of about 45 \ Thence a cavern 
ran dowmwards towards the soutli 
or south-east ; the Ooor was entirely 
covered with loose fragments of 
limestone,* probably extending to a 
considerable thickness. There was 
quite sufficient light at this point 
to enable one to sketch or read. 
'I'he party then scrambled, or rather 
slipped, into the cavern for some 
few yards, during which they de- 
scended a considerable distance : it 
was of a tunnel-like shape ; then it 
suddenly expanded into a magni- 
ficent hall about 100 feet across and 
about 70 feet high. The floor of 
this hall sloped like the tunnel, and 
like it was covered with debris. At 
the lower side they were about 60 
feet below their landing-place, and 
therefore about 240 feet beneath the 
surface, 'filie entire roof and walls 
of this cavern were covered with 
splendid stalagmitic deposits. From 
the roof were hung fine stalactites, 
whilst the aides were covered with 
almost every conceivable form of 
deposited carbonate of lime. In 
some places it was smooth and white 
as marble, in other places like 
frosted silver, whilst the rougher 
I^oH^ions of the rock were clothed 
wdth all sorts of fantastic shapes 
glistening with moisture. From 
this cavern no opening of any length 
or depth was found save the one by 
which the party had entered it. 
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There can be no doubt, the author 
believes, that this chasm has been 
formed by the chemical action of 
carbonic acid in water, and that it 
has attacked this j)articular spot 
either from the unusual softness of 
the rock originally situated here, or 
because there was here a joint or 
shrinkage in the strata. ^J'here is 
nothing, however, in the position of 
Eldon Hole to lead one to suppose 
that any stream has ever flowed 
through it ; no signs of such a state 
of things appear anywhere around. 
It is not related to any valley or 
ravine, or to any running water, 
and there is, as observed, an ab- 
sence of any well-defined exit for 
water at the bottom. No mecha- 
nical action of a flowing stream can 
therefore have assisted the process 
of enlargement. The author thinks 
it must be due to the gradual silent 
solvent properties of rain-water fall- 
ing on the surface, and escaping 
through jointings and insignificant 
channels in the hard rocks below. 
Whether the excavation took place 
from above or below is uncertain. 

Kent’s Cavern. — W. Pengclly. 
— In the south-western end of the 
Long Arcade, there are two deposits ; 
the newer one contains the ordinary 
pleistocene cave mammalia, with 
flint implements ; this is overlain by 
granular stalagmite. Lp to the last 
Few years this was the only cave- 
earth known ; but recent researches 
have revealed the existence of a 
much older bed, separated from the 
newer one by a floor of crystalline 
stalagmite. This old breccia con- 
tains flint tools of a much ruder 
form than tliose in the bed above, 
associated with the remains of the 
bear. During the last year the re- 
mains of the cave lion and of the fox 
have also been found here, 

Victoria Cave. — The great in- 
terest taken in this cave lies in the 
long succession of events represented 
by its contents, Tlie collections 
already made illustrate the occupa- 


tion of the country, and of the cave 
at intervals, by the early English, 
Roman, and Celtic populations. 
Then, further back by many ages, 
they show the remains of people 
who used the newer type of stone 
implements. In beds of yet earlier 
age, the exploration has shown the 
occupation of Yorkshire by the 
grizzly bear and the reindeer, in 
times immediately succeeding, and 
perhaps preceding, the development 
of the great ice sheet in the north 
of England. The series of bones 
obtained during the past year is 
exceedingly fine, and altogether the 
work is one of great promise, but it 
is now stopped for want of funds. 
Its strongest claim for further ex- 
ploration and most interesting result 
is the existence, in the lowest beds 
of the cave, of the remains of man, 
with tlie great cave -bear, the hyaena, 
elephant, rhinoceros, bison, &c. And 
these are covered, both at the en- 
trance of the cave and within, by 
glacial beds, which afford the 
strongest evidence that man lived 
in the district before the advance of 
the great ice-sheet over the North 
of England . — A themeum. 

Forest Bed in the Thames 
Banks. — {Nature . ) — An interesting 
geological discovery has been re- 
cently made during excavations for 
a ncM^ tidal basin at tlie »Surrey 
(Jommerci.il Docks. (Jn penetrating 
some six feet below the surface, the 
workmen everywhere came across a 
subterranean forest bed, consisting 
of peat with trunks of trees, for the 
most part still standing erect. All 
are of the species still inhabiting 
Britain ; the oak, alder, and willow 
are apparently most abundant. The 
trees are not mineralised, but retain 
their vegetable character, except 
that they are thoroughly saturated 
with water. In the peat are found 
large bones, which have been deter- 
mined as those of the j^eat fossil 
ox {Bos prhnigenius). Fresh-water 
shells are also found. No doubt is 
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entertained that the bed thus ex- 
posed is a continuation of the old 
buried forest, of wide extent, which 
has on several recent occasions been 
brought to the daylight on both 
sides of the Thames, notably at 
Walthamstow in the year 1801), in 
excavating for the East London 
Waterworks ; at Plums tead in 
1862-8, in making the southern out- 
fall sewer ; and a few weeks since 
at Westminster, on the site of tlie 
new Aquarium and Winter Garden. 
In each instance the forest-bed is 
found buried beneath the marsh 
clay, showing that the land has sunk 
below the tidal level since the forest 
flourished. 

Thames Deposits. — Buring 
the excavations which are being 
made near the Houses of Parliament 
for the foundation of the Thames 
Embankment Extension, some in- 
teresting relics have likewise been 
brought to light. A deposit con- 
taining freshwater shells, at a depth 
of about 32 feet from the surface, 
and only a few feet above the London 
clay, has yielded the remains of a 
bovine animal, probably the Celtic 
short-horn {Bos lon(jifronti)y and the 
bones of a remarkable rodent, a 
])ortion of a human skull, and a 
flint knife. 

Zoology of the Thames 
Valley. — An interesting collection 
lias recently been added to the 
British Museum. It consists of the 
Thames Valley series of remains of 
British elephants, rliinoceri, deer, 
ox, &c., which have been discovered 
in the Ilford Marshes, near Stratford, 
during the last thirty years, and has 
hitherto formed the uui(pie private 
collection of vSir Antonio Brady, of 
(Stratford-le-Point. The nature and 
v^aluo of this collection, as now ex- 
hibited at the British Museum, will 
appear from the following facts : — It 
contains remains of no less than 100 
elephants, all of which have been 
obtained from Ilford. These are 
referable to two species, viz., Ele- 


phas primigenius, the mammoth, 
and E. antiquus, a more southern 
form. The skeletons of each species 
are represented by many tine exam- 
ples, and the collection of teeth and 
jaws represents elephants of every 
age and size, from the sucking calf, 
with milk molars, to the patriarch 
of the herd, whoso last molars are 
so worn that they must have become 
useless for grinding his food. One 
characteristic of the Ilford elephants 
is the number of the plates in the 
last molar tooth, which has never 
been found to exceed nineteen or 
twenty, as against the twenty-four 
and sometimes twenty eight in other 
species. The largest tooth is ten 
inches in length. The rliinoceri of 
the Thames Valley are represented 
by eighty-six remains, of three 
species, distinguished by the charac- 
ter or the absence of the bony nasal 
septum — viz., llhinoceros mega- 
rhinus, li. leiitorhinus, and LI. 
tichorhinus. The British lion, which 
recent geology shows to have been 
no myth, is represented by a lower 
jaw and a xjhalanx of the left fore- 
foot. The Brady collection also 
includes the Thames Valley hippo- 
Xiotamus, which is found at Grays, 
as well as at Ilford. The ruminants, 
such as the stag, bison, and ox, 
constitute fully one-half the col- 
lection, numbering more than 600 
siiecimeus. They include seven 
siiecimens of the great Irish elk 
(Mcgaceros hibernicus) and fifty of 
the red deer. 

The Submerged Forest of the 
Orwell.— J. E. Taylor (British As- 
sociation) showed tJiat a depression 
of the land, amounting to thirty 
feet at least, must have taken place 
since tliese peat-beds were formed. 
He believed that tliis forest-bed, 
and other similar beds along the 
eastern coast, represented the last 
stage of the continental condition 
of England, before the depr^^iup 
took place which brought the 
North Sea over the low-lying 
h 
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plains, and bo formed the present 
German Ocean. 

G1 aciation of N orth America. 

• — G. K. Gilbert {Geolofj. Rep. Lieut. 
Wheeler, U.S.N.). — About White's 
Peak, in the Schell Range, Nevada, 
are tho terminal moraines of live or 
six glaciers that ascend to 8,000 
feet altitude in lat. 39' 15'. At 
about the same altitude, and in lat. 
39°, are moraines and an alpine lake 
upon the flanks of Wheeler’s Peak, 
ot the Snake Range, Nevada. Old 
Raldy Peak (N. lat. 38° 18'), near 
Beaver, Utah, overlooks two ter- 
minal moraines, one of which con- 
tains a lakelet at an altitude of about 
9,000 feet. No traces were seen of 
a general glaciation, such as the 
Northern States experienced, and 
the cumulative negative evidence is 
of such weight that Mr. Gilbert is 
of opinion that the glaciers of the 
region referred to were conlined to 
the higher mountain ridges. 

Decadence of the Andes. — 
The highest points of the chain of 
the Andes are sinking. In 1745, 
when measured by La Condamine, 
Quito was found to be 9,596 feet 
above the sea, Humboldt, in 1803, 
found it had fallen to 9,570 feet ; 
Boussingault, in 1831 , was astonished 
to find it was only 9,567 feet : Orton, 
in 1867, found it reduced to 9,520 
feet ; while, finally, Reiss and 
Stubel verified that in 1870 it had 
shrunk to only 9,356 feet above the 
sea-level. Quito, therefore, has sunk 
240 feet in 125 years. 

Geology of the Appalachians. 
— Prof. Bradley, of Tennessee. — It 
has long been the tendency of geo- 
logists to regard the metamorphic 
crystalline rooks of the Atlantic 
coast as certainly pre-Silurian. This 
has, however, been called in ques- 
tion by the observations of Prof. 
Dana, which go to prove that the 
limestones aud accompanying schists 
and quartzites of Western New Eng- 
land are all Silurian, and not Huro- 
uiau or Laureutiau. Prof. Bradley 


now claims the same for the region 
he has investigated, that is, the 
western portion of North Carolina, 
the eastern part of Tennessee, and 
much of Georgia aud Alabama. 
The evidence upon which the con- 
clusion is based is stratigraphical, 
and must be studied in detail to be 
fully understood. The time at which 
the uplift and metamorphism of this 
region took place is considered by 
Prof. Bradley to have been post- 
Carbouiferous, and it is probably 
referable to the close of the Palceo- 
zoic. — Nature. 

TJndulations in the Chalk in 
the North of France, and their 
probable existence under the 
Straits of Dover, — (British As- 
sociation). — The proposed Channe 
Tunnel, according to M. Hebert, 
must follow a curved course to avoid 
folds in the chalk. Sir John Hawk- 
shaw, is very positive that a tuii- 
uel may be made across entirely 
through the chalk. He said that 
he had taken means to ascertain as 
nearly as practicable what was the 
state of things at that portion of the 
Channel, and that he did not think 
that it accorded with what M. 
Hebert’ views. 

Careful measurements had been 
made and levels taken on each side 
of the Channel, aud the outcrop of 
the beds in tlio (Jiauucl had been 
ascertained as accurately as could 
be done. By getting the levels and 
so on, aud by knowing the depths 
of the Channel, the outcrops of the 
various beds were ascertained, and 
laid down on a geological map. Of 
course that was not sufficient to 
satisfy him, but the result of other 
cu(|uirieB was to show the outcroi> 
of the upper and lower chalk for- 
mations, and the next process was 
to get more accurate information on 
these i)oints. It appeared from the 
chart that a line from St. Margaret’s 
Bay woidd be sufficient to enable it 
to be carried through the lower 
chalk ; and borings were made at 
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»St. Margaret’s Bay entirely tlirongb 
the chaUc. Also at San Gatte the 
borings went nearly 600 feet through 
the chalk, which gave the position 
of the chalk on each side of the 
Cdiannel. A well had been sunk at 
Calais, which had gone through the 
chalk. That so far indicated cer- 
tain depths, and afforded a basis 
for reasoning. After that an exami- 
nation was made of the region across 
the Channel. The Channel was ex- 
amined in 500 xdaces, })y an ap^ia- 
ratus constructed for the purpose, 
and the result of that examination 
verified the xjrevious geoligical in- 
quiries. Where the geological map 
showed chalk they brought up 
chalk all across the channel, and 
wdicre the geological map showed 
the outcro]) of the lower beds, they 
brought ux> jjortioiis of those beds. 
There was no greensand near the 
line of the Channel. Of course, this 
was so far in corroboration of what 
liad been done before, and he would 
say at once that if it was necessary 
in constructing tliis tunnel to follow a 
circuitous line, as had been pointed 
out by M. llOiert, it would not be 
constructed. It would be con- 
structed only if it could be made in 
a straight line. It was not to be 
supposed that the tunnel would be 
made immediately beneath the bot- 
tom of tlie Channel. TJie (Jhannol 
is a very shallow basin, and it is 
proposed to take the tunnel about 
2.‘10 feet below the bottom of the 
Channel, the depth of water being 
108 feet, and there was chalk in the 
line drawn all across the Channel. 
He was not apprehensive of coming 
out into other beds, and he should 
not care much about it if they were 
below the other beds, because, with 
280 feet of solid matter between 
them, small leakages would not jire- 
vent a construction of that kind 
being made. — Acadcinij. 

Volcanic Phenomena in Ice- 
land . — {Nature ) . — Outbreaks have 
occurred since the beginning of the 


year. In March the Dyngjufjoll 
was incessantly vomiting fire, the 
eruption was steadily spreading over 
the wilderness, and the whole region 
of the My- vat n Mountains was one 
blazing fire. 8o large a district of 
the surrounding country has been 
covered with ashes that the farmers 
have been obliged to remove in order 
to find pasture for their stock. 
Early in April a new eruption had 
broken out in a south-easterly direc- 
tion from Barf ell, more than half- 
way to the east, between it and the 
Jokidsa. A party went out from 
Laxiirdal to explore, and on ap- 
proaching the place of eruption they 
found the lire rising up from three 
lava craters, in a line from south to 
north, which it had piled up around 
itself on a perfectly level X3iece of 
ground. At a distance of fifty to 
eighty fathoms to the west from tho 
craters a large fissure had formed 
itself as the fire broke out, and the 
land had sunk in to the depth of 
about three fathoms. Into the hol- 
low thus formed the lava had poured 
at first, but now it flowed in a 
south-westerly direction from the 
two southern craters. The northern - 
most crater had the appearance of 
being oblong, al)ont 800 fathoms in 
length ; and from this crater the 
molten red-hot lava was thrown 
about 200 or 800 feet into the air 
in one compact column. The top of 
this column then assumed a palmated 
apj)earance, and the lava fell down 
in small particles, like drops from a 
jet of water, which, as they became 
separated from the column, grew 
gradually darker, and split into 
many ijieces, bursting into lesser 
and lesser fragments as they cooled. 
No flames were observed, but tlie 
glare x>roceeded from these columns 
and the seething lava in the craters. 
At times the explorers could count 
twenty to thirty of these columns. 
No real smoke accompanied the 
eruption, but a bluish steam, which 
expanded and whitened in colour as 
l2 
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it rose to a greater distance from 
the crater, and such seemed to be 
the power of this blue jet of steam 
that it rose straight into the air for 
many hundreds of fathoms in despite 
of a heavy wind blowing. 

Volcanic Geology of Iceland. 
— W. L. Watts (Geologists’ Asso- 
ciation). — Iceland is situated at the 
termination of the great volcanic 
line, skirting the extreme west of 
the Old World, which has existed 
since the Cretaceous period certainly, 
whilst the points of eruption appear 
to have travelled nortliwards. As 
all the rocks arc igneous, or igneous 
derivatives, no stratigraphical ar- 
rangement can be made out. Ba- 
saltic lava streams are common in 
the vicinity of Reykjavik, though 
no active volcano exists in this part 
of the island, which is in the second- 
ary stage of solfataras and hot 
springs. These solfataras are mere 
pits of bluish- white siliceous mud, 
the result of the decomposition of 
contiguous tufa. The principal gas 
exhaled is sulphuretted hydrogen. 
Their position changes. The hot 
springs are working out their own 
destruction by the accumulation of 
sinter ; the composition of this varies 
in siirings within a few yards of 
each other. Tlie largo rifts in the 
old lava at Thingvalla were attri- 
buted to the flowing away of the 
undercurrent of lava into a yet 
deeper depression, thus leaving the 
unsupported crust to sink down in 
the middle. All the lavas of Hekla 
observed by the author are basaltic, 
and contain crystals of felspar and 
olivine. An ash and cinder cone 
forms the summit of the mountain. 
There were four craters ; the longest 
one is an elliptical depression 250 
feet deep, at the bottom of which 
lay snow, though some ashes and 
clay were still quite hot. The dis- 
trict of Mydals Jokull, containing 
the terrible volcano Kotlujia, is 
remarkable for the confused inter- 
mixture of aqueous and igneous 


ejectameuta, producing agglomerates 
and tufas. Sand and hot water are 
the principal productions of Kot- 
lujia itself, which has not been 
known to produce lava, though 
ancient felsitic lavas were noted at 
its base. These floods are produced, 
in addition to the melting of the 
Jokull, by the bursting of large 
cavities in which water has accumu- 
lated for years. Such a reservoir 
was noted in a small neighbouring 
crater, at the bottom of which was 
a deep pool of turbid water, into 
which several small streams emptied 
themselves, but none ran out again. 
To Vatna Jokull the principal vol- 
canic forces of Iceland seem now to 
have retreated. This is a vast tract 
of snow and ice which rests upon a 
nest of volcanoes, many of which 
have been in eruption during his- 
torical times. The Vatna rises from 
a series of basaltic platforms. Tlie 
existence of permanently active vol- 
canoes in the unknown interior of 
this mass was considered not impro- 
bable. 

Vatna Jokull (Glacier), Ice- 
land. — The following letter is from 
Mr. W. L. Watts in re- 

ference to his journey across the 
Vatna Jokull. (This is the first 
time the Vatna Jokull has been 
crossed. The letter is dated July 12, 
1875.) 

I am happy to say 1 have crossed 
the Vatna Jokull. It occupied be- 
tween fifteen and sixteen days in 
bad weather. Burifla is by no 
means the highest mountain in Ice- 
land ; my aneroids registered 1,250 
feet above Euriffa’s height, subject 
to their correction upon my return 
to England. 

1 feel certain that the Jokulls of 
J colaud are advancing at a consi«ler- 
ablc speed. The part of the Vatna 
Jokull, in the south of Iceland, 
called Breithamerker Jokull, has 
advanced about one mile and a half 
since the lOth of May last, and 
threatens to cutoff all communica- 
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tion in that direction along the 
shore. I think, however, its rapid 
advance is not, as the natives be- 
lieve, owing to volcanic heat in the 
Vatna Jokull, but that it is caused 
simply by the vast increase of frozen 
material upon its cloud and storm- 
wrapped heights. This accuiniila- 
tiou above the lieight of 5,000 feet 
goes on both in summer and winter, 
and below for another thousand 
feet the waste during the summer 
mouths by no means equals the ac- 
cumulation during the rest of the 
year. The glacier at the noi th point, 
at which I descended, by Kistufell, 
has advanced about twelve miles 
since the making of Olsen’s majj of 
1844, diverting the course of Jd- 
kull sa a fjdllum and causing it 
to rise about twelve miles fi-om 
where it appears upon the map, 
i. e. about eleven miles N. E. of Kis- 
tufcll and twelve N. N . W. of Kverker 
Jokull, instead of at the base of 
Kistufell. The grand old water- 
course it has vacated forms an ex- 
cellent road for several miles. I feel 
sure that Iceland must slowly but 
surely in course of time succumb 
to the same fate as befell the Orecn- 
land colonies. 

I am now about to proceed to the 
active volcanoes upon tlie north of 
Vatna Jiikull. They are situated in 
the part of the Odalters-braun called 
Dyngurfjidlura, and as 1. expect in 
the Kverker Jokull. I shall have no 
time to hunt for anymore this year, 
but if time will allow I shall visit 
the source of the great lava stream 
of Skaptar Jokull, a mountain 1 saw 
from the Vatnar Jokull, situated in 
its 8.W. limb, whicli I think may 
repay inspection ; and the lignite in 
the N.W. of Iceland. 

The destruction wrought by the 
eruptions of last wituer is consider- 
able. Several farms have been 
ruined by pumice and ash. Poor, 
dirty, interesting Iceland ! both fire 
and water, the latter in all its forms, 
appear to conspire against it. 


Volcanic Eruption in Ice- 
land. — Very Kev. Dean Sigurd 
Gunnarssofa ( Times). — On Easter 
Monday, early in the morning, loud 
rumbbng noises were heard to the 
westward, and apparently travelled 
towards the north-east, in the direc- 
tion of the mountain ranges bounding 
the valley of Flj(Usdalsnerad to the 
north. Presently the sounds turned 
backward along tho southern moun- 
tains as well. The air was heavy 
and jet black towards the north and 
north-east. About nine o’clock 
whitish -grey scoriaceous sand began 
to fall from the sky, tho particles 
averaging the size of a grain, but in 
shape longer. The dark column, 
moved on nearer and nearer, and 
the darkness rapidly increased, 
while tho scoriaceous hail thickened 
at the same rate. A full hour before 
noon candles liad to be lighted in 
the houses, and at noon tho darkness 
was as dense as that of a windowless 
house ; even abroad tho fingers of 
the hand could not be distinguished 
at the distance of a few inches from 
the eye. This pitcli darkness lasted 
for about an hour. During the dark 
all glass windows appeared like 
mirrors to those inside, reflecting 
the objects on wind) the light fell 
as if they had been covered outside 
with a coat of quicksilver. For 
four consecutive hours it was neces- 
sary to have lighted candles in the 
houses. During all that time the 
ashes and the sand were falling 
thick and fast. Lightning and claps 
of thunder were at tho same time 
seen and heard in rapid succession, 
and the earth and everything seemed 
to tremble again. The air was 
charged with electricity to such an 
extent that pinnacles, and staff-pikes 
of iron, when turned into the air, 
and even one’s hands when held up, 
seemed all ablaze. But the thunder 
difl'ered from ordinary elaps in this, 
that it travelled in rapidly- repeated 
echoes across the skies. When the 
darkness wore off the fall of the 
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ashes abated. The dark column 
now moved inland towards the 
upper valleys ; but, being there met 
by a counter current of air, it re- 
mained at first stationary for a 
while, and afterwards moved slowly 
down country again along the val- 
leys, so that once more the daylight 
was changed into dusk, which was 
accompanied by the fall of li ne ashes. 
After the fall, the earth was covered 
with a layer of ashes and scoriae 
from inches to 8 inches deep ; 
coarsest whei’e it lay thickest, in 
many cases exhibiting pumice 
boulders twice as large as the fist. 
In these places the ashes fell hot as 
embers on the ground. At first the 
fall of the ashes was accompanied 
by a foul sulphurous stink, which, 
however, very soon vanished. When 


the ashes had any perceptible taste 
it was that of salt and iron. For 
three days after the fall, still weather 
prevailed, and the ashes lay undis- 
turbed on the earth. Before the 
fall of the ashes the land was snow- 
less and pasture plentiful ; but after 
it not a creature could be let out of 
doors, and the sheep, if they w ere 
let out, would mil as if macl in all 
directions. On tlie fourth day a 
])retty still’ south-west gale blew^ the 
aslies away from the hillocks and 
mounds, except the finest part, 
which remained on the sw ard, pre- 
senting the appearance of a compact 
scurf. But what go< »d this gale might 
have done was iiudoue the next day 
by a wind blowing from north-west, 
(ircat distress was caused hy the de- 
struction of the pastures. 
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Formation of Fissures and 
the Origin of their Mineral 
Contents. — A. J. Brown. — The 
conclusious of the author are, that 
lissures in the earth’s crust are 
formed, in nearly all cases, hy earth- 
quake shocks ; that they may be 
filled in one of tliree ways — by melted 
injections, by aqueous agencies, or 
l)y sublimation ; that the minemls 
are not derived from the immediate 
walls of the fissure, but from below 
tlie zone of sedimentary rocks. 

Deposits of Tin Ore at Park 
of Mines, St. Columb, Corn- 
wall. — Ur. C/. Le Neve Forster 
(British Association). —I’he ore here 
occurs in layers parallel to the strati- 
fication of the clay slate. Ur. Forster 
believes tliat the rock sjdit along the 
lines of original bedding ; and that tin 
ore, brought up througli small north 
and south fissures, found its way into 
cavities on both sides of the fissures. 

Formation of Metallic Mine- 
rals. — M. Daubree {Compten liai- 
dus ). — During the drainage of a well 
at the hot-springs of Boiirbonne-lcs- 
Bains (Haute Marne), the muddy 
bottom was laid bare, and found to 
contain a number of Roman coins, 
statuettes, and other objects in 
bronze, silver, and gold. But 
immediately below this level the 
workmen came upon a bed made up 
of fragments of rock, chiefly sand- 
stone, cemented together by certain 
metallic sulphides, which, in many 
oases, were well crystallised. They 
included examples of copper-pyrites, 
Buntkupferei'z or “ horse-flesh ore,” 
copper-glance or sulphide of copper, 
and what was most notable, tetrahe- 
dral crystals of a double sulphide of 
copper and antimony, identical with 


certain varieties of FaJderz. I’ho 
minerals appear to have been formed 
by tlio reduction of metallic sul- 
pliates, through the agency of veget- 
able m.atter, and to have been pre- 
cipitated among tbe fragments of 
stone whicli tliey have cemented into 
a breccia. The thermal waters issue 
from the new red sandstone at a 
tcmpcraturcj of about Off* C. It can 
be proved that the formation of 
these minerals cannot have extended 
beyond sixteen centuries. 

The Sulphur-Beds of the Is- 
land of Saba. — Professor (iesnor 
( Oh nu'ical A civs ) . — 0 u r destination 
was Spring Bay, (where the beds of 
sulphur bearing gypsum show their 
greatest outcrop,) and Great Hole, 
w'hieh adjoins it. 1'he men were en- 
gaged in removing tlie ovc'rburdeii, 
some cigld feet of sand tind gravel, 
when we arrived, and in breaking 
down the crude brimstone from the 
face of the bed, which is 40 feet in 
thickness at this point, and extends 
into the hill under the volcanic cap 
for an indefinite distance. Going 
towards Flat Point, which lies be- 
tween Great Hole aud fSpriug Bay, 
and descending the cliff a little, one 
can obtain a view of the face of the 
viist bed of brimstone, which shows 
the yellow features in all tlie places 
where the overburden lias been re- 
moved, and in weather-worn places 
stands out distinctly. At one place 
a fissure nearly 2 feet in width, 
lined with yellow crystal so far as we 
•ould see, was sounded with a line 
for forty feet. The mass of the bed 
is gypsum, bearing sulphur to a 
greater or less degree, 60 per cent, 
being the average of sulphur. In 
many places masses of sulphur quite 
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pure and resembling melted brim- 
stone, poured into irregular moulds, 
could be had, hundreds of pounds 
in weight. The fires died out in 
Saba so long ago that the sulphur- 
beds are perfectly cold, and no gases 
arise to interrupt the working of the 
sulphur quarry, the workmen carry- 
ing on their operations as easily as if 
in a bank of stiff clay. We traced 
the bed to Flat Point. A wire 
tramway from the edge of the 
quarry to Oreen Key will be the 
way to transport the sulphur to 
lighters. I have seen what I believe 
to be one of the largest, and certainly 
the richest and most accessible, de- 
posits of brimstone in the world. 
Analysis of Saba sulphur : — Sulphur, 
80*57 ; silicate and sulphate of lime, 
14 *90 ; water, 4*53. 

Origin of Torbanite, or Tor- 
bane Hill Mineral. — W. Skey, 
(xeol. Survey, New Zealand {Chemi- 
cal News),— In prosecuting some 
researches on the absorption of pe- 
troleum by clay, Mr, Skey obtained 
a product that strikingly resembled 
the natural substance. He believes 
that if petroleum percolated through 
a bed of clay, the argillaceous matter 
would abstract certain constituents 
from the petroleum, and thus pro- 
duce, if the action were not long 
continued, an ordinary bituminous 
shale ; but if the process proceeded 
until the clay were saturated, a 
mineral substance like torbanite 
would be obtained. It is not that 
the clay merely absorbs mechani- 
cally some of the constituents of the 
petroleum, but Mr. Skey believes 
that a true chemical action is set 
up, and that the resulting substance 
is a combination of a hydrocarbon 
with silicate of aluminium. This con- 
clusion corroborates the view that 
torbanite is in no sense entitled to 
be classed as a coal. 

Ice in a Silver Mine. — Geolo- 
gists have been not a little perplexed 
with the frozen rocks found in some 
of the silver mines in Clear Creek 


county, Colorado, America. For 
instance, there is a silver mine liigh 
up on McClellan mountain, called 
the Stevens mine. The altitude of 
this mine is 12,500 feet. At the 
dejjth of from GO to 200 feet the 
crevice matter, consisting of silica, 
calcite, and ore, together with the 
surrounding waU-rocks, is found to 
be in a solid frozen mass. McClellan 
mc^iintain is one of the highest east* 
erii spurs of the Snowy Kange ; it 
lias the form a horseshoe, with a 
bold escarpment of feldspatliic rock, 
nearly 2,000 feet high, whicli in 
some places is nearly perpendicular. 
The Stevens mine is situated in the 
south-western bed of the great 
horseshoe ; it opens from the north- 
western. A tunnel has been driven 
into the mountain on the lode, where 
the rock is almost perpendicular. 
Nothing unusual occurred until a 
distance of some 80 or 90 feet was 
made ; aud then the frozen territory 
was reached, and has continued 
for over 200 feet. There are no 
indications of a thaw, summer or 
winter ; the whole frozen territory 
is surrounded by hard, massive rock, 
aud the lode itself is as hard and 
solid as the rock. The miners, being 
unable to excavate the frozen mate- 
rial by pick or drill, to get out the 
ore (for it is a rich lode, running 
argentiferous galena from 5 to 1,200 
ounces to the ton), found the only 
way was to kindle a large wood fire 
at night against the back end of the 
tunnel, and then thaw the frozen 
material, aud in the morning take 
out the disintegrated ore. This has 
been tlie mode of mining for more 
than two years. The tunnel is over 
200 feet deep, and there is no dimi- 
nution of the frost ; if anything, it 
seems rather to be increasing. There 
is, so far as can be seen, no opening 
or channel through which the frost 
could possibly have reached such a 
depth from the surface. There are 
other mines in the same vicinity in 
a like frozen state* 
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On the above report R. Weiser, | 
of Georgetown, Colorado, remarks : 
— From what we know of the depth 
to wliicli frost usually penetrates 
into the earth, it does not appear 
probable that it could have reached 
the depth of 200 feet through the 
solid rock in the Stevens mine, nor 
even through the crevice matter of 
the lode, vdiich, as we have stated, 
is as hard as the rock itself. The 
idea, then, of tlie frost reaching such 
a depth from tlie outside being 
utterly untenable, I can see no other 
way than to fall back upon the 
glacial era of the quaternary. Evi- 
dences of the Glacial period are found 
all over the Rocky Mountains. .Just 
above the Stevens mine tlierc are 
the remains of a moraine nearly a 
mile long, and half a mile wide. 
The cUhrli of this moraine consists 
of small square and angular stones, 
clearly showing that they have not 
come from any great distance. A ud 
just over the range, on the Pacific 
slope, there are the remains of one 
of the largest moraines ever seen, 
consisting of feldspathic lioiilders of 
immense size. It is therefore not 
unreasonable to conclude that it was 
during that period of intense oold 
that the frost penetrated so far 
down into these rocks, and that it 
has been there ever since, and bids 
fair to remain for a long time to 
come. 

New South Wales Gold 
Fields . — {Nautical Magazine). — 
The proclaimed gold-fields, extending 
with short intervals the entire length 
of New South Wales, and westward 
about 200 miles from the coast, com- 
prise an area of nearly 13,050 square 
miles, and number more than eighty 
distinct fields. Gold has been found 
in the gizzards of fowls, and picked 
up in the streets of Bathurst. It 
has been brought up from the bottom 
of the sea off Port Macquaire by the 
sounding-line of H.M.S. Herald ; 
it is distributed amongst the sands 
of the Shoalhaven shore, and it 


glitters among the pebbles which 
are strewn along the beach at the 
Richmond, so that the whole Pacific 
coast may bo said to yield gold ; and 
it is the opinion of men best in- 
formed on the subject that there are 
vast treasures of the precious metal 
in the alluvial lauds along tlie re- 
mote western boundary of the colony 
yet untouehed. 

Gold in Western India. — A. 

MacGregor, collector of Malabar, 
reports to the Board of Revenue, at 
Madras, “that an application under 
the Waste Land Rules has been 
made by Mr. Ryan for a block of 
land situated near Sultan’s Battery, 
which, there is reason to believe, 
contains a considerable quantity of 
gold.” He further says, “that a 
gold-bearing quartz reef is known to 
run from Hevala, near the head of 
the Nellambur Valley, to Sultan’s 
Battery, and thence northwards. 
Experienced gold miners believe that 
the ore is present in sufficient quan- 
tities to prove remunerative, and 
one company has been started with 
the intention of setting up the neces- 
sary machinery.” The climate is 
good, and this new El Dorado can 
be reached in about twenty days by 
steamer from Southampton, first- 
class, for about £50, and £35 second- 
class, either by way of Madras or 
Bombay, Any part of the Wynaad 
(the name of this particular locality) 
is within an easy journey of the 
Neilgherry Hills. 

Welsh Gold. — England has 
again become a gold-producing coun- 
try. The Clogan gold mine, near 
Dolgelly, produced in the week end- 
ing "April 17th, 37 oz. 3 dwts. of 
gold, and in that ending Ajml 24th, 

! 3G4oz. — Tran. 

The Minerals of the Philip- 
pines. — {La lie vis fa Miner a ,) — The 
soil and the subsoil of the Philip- 
pines are extremely rich, and acti- 
vity and intelligence alone are 
wanted to encourage commerce and 
industry. According to Spanish 
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returns there are four mines of 
quicksilver known ; tweniy-throe of 
gold mixed with sand, besides those 
of free and uncertain exploration ; 
141 of coal ; twenty-three of copper ; 
eleven of iron ; three of goht in 
veins ; three of mixed gold and 
silver in the same condition ; and 
four of lead. Of these the quick- 
silver mines are in the province of 
Albay ; tJic coal mines in the pro- 
vinces of Mindora, Ihicalan, South 
Camarines, Oebti, Tahayas, All)ay, 
and Marianas ; the gold-sand mines 
in Albay ; the copper in Luzon and 
Marbate ; iron in Bncalao ; gold 
and silver, in veins, in INJorth Cama- 
riues ; and lead in Cebfi. In view 
of these and other very favourable 
circumstances which exist, tlie recent 
establishment of a mining depart- 
ment, which has been formed in the 
Spanish Foreign Ministry, is very 
opportune, particularly as it has 
been entrusted to an enmueer from 
whose competence and lai)oriousness 
great results are expected. 

Peruvian Minerals. — A report 
from the British consul at Islay 
states that the inauguration, in 1870, 
of about 108 miles of railway from 
the projected port of Molleudo 
to Areemipa has most beneiicially 
operated on the coimtry. The great- 
est mineral, vegetable, and pastoral 
resources of this country are to be 
found far inland and converging 
upon the departmental cities of Are- 
qiiipa, Pano, Cuzco, and Mocpicgua, 
hitherto cut ol! from the Pacific 
coast by the breadth of an arid and 
seemingly inhospitable tract 100 1 
miles in extent, stretching westward 
from the Corderillas. 

The two coasting provinces of the 
Arequipa department, namely, those 
of Camuna and Islay, are reported 
to be little better than a parched 
desert, intersected by seven rivers 
and some trifling streams, all run- 
ning westward and south-westward 
from the Cordilleras to the ocean 
through the deep ravines which the 


snow waters have hollowed out 
across the Pampa and the sandy de- 
cline, and in most, if not all, of which 
tine gold wash is to be found. The 
mountain territory traversed by 
the railway forms, so to speak, an 
irregular liasiu and mineral recep- 
tiicle in the chain of the Andes, in 
diflerent parts of wliich the precious 
metals, including platiniim and 
highly-prized jewels, such as tlie 
diamond, sapphire, and emerald, 
exist in fair quantities, and under 
favourable conditions for exhuma- 
tion, in a country not more remote 
from the c([uator than from IIP to 
1 south, and yet tempered by an 
elevation mostly of 10,000 feet and 
upwards, and by the vicinity of per- 
petual snow. It is true that not 
much heretofore has been made of 
these resources, and the famous 
Mina del Mauto, near Pano, has 
been abandoued, even by English 
adventurers, because they could not 
transport the machinery they wanted 
to the spot, and because they were 
too iusccurc. Setting aside the 
secret proceedings of the Indians, 
which are too occult to be more than 
alluded to, it is also true that there 
have been very limited gold work- 
ings in the territories ot Cavabaya. 
and Pancartambo, besides some do- 
snltory washings in the neighbour- 
hood of thizco. 

[ As it would appear that the re- 
sources of this part of Peru, under 
the head of gems, have been some- 
what neglected, it may bo useful to 
notice the remarkable presence of 
emerald of the purest water and 
largest crystals (as also the valued 
form, rather thau species, of the 
beryl). In the veins and fissures of 
granitic primitive rocks, and as- 
sociated with (piartz, felspar, and 
mica slate, this gem is distributed 
freely in crystals of various dimen- 
sions, usually of very fine colour, 
and often without flaw if carefully 
abstracted, the test by heat being 
simple. 
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Mineral Resources of the England. To the far north of these 
Transvaal State. — (/ro??.)— In gold-fields, and lying towards the 
the interior of Southern Africa, Zambesi 1 liver, Mr. Baines, the 
lying between latitude 2V‘ and 27" South African traveller, and Herr 
soutn, and longitude 26" and 32" Carl Mauch, the discoverer of the 
east, there exists a large republic, the vast ruins of Zimbabye, or Zimbao, 
Transvaal State, considerably larger supposed to be the aiuiient Opbir, 
in area than France itself, Hutcli in have found three more very exton- 
government, but rapidly filling on sive systems of reefs, Avhicb are only 
all sides with an Englisli-speaking waiting tlieir development by Euro- 
population. For some years past pean enterprise and capital. Amidst 
rumours have been afioat that gold the mountains of the 7’rausvaal an 
existed in the Northern Transvaal, abundance of iron and coal also 
but it was not until the diamond exists ; galena and lead are also 
fields began somewhat to wane and found in certain districts, and lately 
men were looking for some new a cobalt mine, in which nickel silver 
source of treasure further a-lield that has appeared in some (piantity. 
discoveries were actually made. Mines of Algeria. — M. Ville 
Then it was that a stream began to {Iron).—- At the commencement of 
flow across the Vaal River through last year 3,345 men wore employed 
the South African Republic to tlie in the Algerian ^lines, and of these, 
gold districts beyond the little town 2,655 in iron mines. Researches 
of Lydenberg, and lying deep down recently made at a great many 
amid the magnificent scojiery in difterent points promise a large in- 
which the Hrakensburg Mountains crease in the number of explora* 
break down on to the fiat bushy tions. Unfortunately for Algeria, 
country which extends eastward to no deposits of fuel have been found 
Delagoa Bay. First at Mac Mac, worth working. The lignites were 
and then at Pilgrim’s Rest Greek thought to promise well, but a mine 
gold of various (piantitics was found, opened in 1871, in (Amstantine, was 
from large lumps of 113 oz. to abandoned after very imperfect ex- 
smaller gold, and even dust. A ploration. 

white population of some 1,060 p(n-- 'riie grand staple is iron ore. The 
sons were soon mining in the neigh- Aiir-Markha mine of oxidulatcd iron 
bourhood, and many hundreds of ore employs 1,555 men, and yielded 
natives were helping them in their in one year 4 ()1), 538 tons of ore. It 
heavy work of removing tlic enor- is worked open, by means of straigdit 
mens stones and rocks from the bed galleries on the flanks of the )nair»elon 
of the creek, beneath which the of Mokta-el-Haddid. The company 
largest gold was to bo found. About has been able to ascertain the exist - 
the same time as the Lydenberg cnce of deposits of ore over a distance 
fields were opened for alluvial work- of about 1,200 metres, and the thick- 
ing, two rich quartz reefs, one some uess in the centre of the workings is 
200 miles to the north-west of Ly- estimated at about 50 metres. The 
denberg, and the otlier some 300 ores obtained are exported to Franco 
miles further in the same direction, and the United States. In the same 
were discovered, and companies department are many other deposits of 
formed to work them by gold- ores oi difi’erent varieties only wait- 
crushing machine^". Botli are re- ing the means of clieap transport, 
ported to be doing w^ell, and in Alger and Oran also abound in 
proof of this more machinery for iron ore, and mines of htematites 
crushing on a large scale day and have been opened on the road from 
night is being brought out from Alger to Oran. 
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The other minerals, beside iron 
ore, have yet been little worked ; in 
fact, most of the concessions have 
iKJen abandoned. M. Ville, how- 
ever, mentions recent researches 
which promise well, such as the 
deposits of zinc and lead in the Val- 
des-Sakliamondi, those of copper now 
])eing worked at Monzaias, after 
liaving been completely abandoned, 
and several deposits in the depart- 
ment of Oran, incliuliug the lead 
mineof Gar-Kouban, which is almost 
inactive, at present, on account of 
the low price of the oi’e. In Con- 
stantine the works of the lead mine 
at Oum-Thebout have not been 
stopped, the copper mine at Aiir- 
Barbar has been re-opened, and two 
zinc mines opened. 

Russian Mines. — The Golos 
gives some interesting details respect- 
ing the mining operations and mine- 
ral productions of Biissia during the 
year 1874. The State foundries 
smelted 1,225,000 Kusaian puds of 
bronze, 557,000 puds of iron, and 

1.000 puds of steel; 80,000 puds 
weight of articles in bronze were 
cast, and 508,000 puds weight of 
ammunition, 0,000 puds weight of 
steel cannon, and 15,000 puds 
weight of iron cannon. 15,000 
puds of lead and 6,000 puds of zinc 
were smelted. 7,800 puds weight 
of iron articles, 10,000 puds weight 
of sheet iron, and 7,5001 roubles 
worth of iron for use in shipbuilding 
were also made, besides 40,700 side 
arms, 20,000 blades, and 5,725 gun 
barrels. The productions of the 
smelting establishments of the Ural 
are estimated at about 13,2(K),000 
puds of bronze, 1,017,000 puds of 
of iron, 09,000 puds of steel, and 

100.000 puds of copper. Idiose 
round Moscow produced 3,360,000 
puds of bronze, and 1,830,000 puds 
of iron. South Russian produce is 
estimated at 430,000 puds of bronze 
and 440,000 puds of iron ; that of 
the Polish Provinces at 1,370,000 
puds of bronze, 800, 000 puds of iron, 


and 120,000 puds of zinc. Lastly, 
the return from the Caucasus is cal- 
culated as 44,0(X) puds of copper. 
Gold to the amount of 1,800 puds 
has been extracted during 1874, 
without reckoning the districts of 
Altai and Nerchinsk, which yield 
an annual average of 165 puds. 
Coal has been worked with increased 
progress in every district except that 
of the Vistula, which is still suffer- 
ing from the effect of the conflagra- 
tions of 1873. The total amount of 
coal and anthracite raised in 1847 
was 83,575,000 puds, the largest 
portion coming from the government 
of Catherinoslaw, the district of the 
Uou Cossacks, the neighboiirliood of 
Moscow, and from jjrivate mines. 
The extraction of mineral oils in the 
Caucasus shows a great increase, 
and oil wells have lately been dis- 
covered in Poland in the government 
of Kielce. 

(A Russian pud is equal to about 
36 lb. English weight. ) 

Oxfordshire Ironstone. — In 
the county of Oxford largo deposits 
of excellent ore are known to exist, 
although they have only been worked 
hitherto on the smallest scale. Pre- 
parations are now being made 
(within sixty miles of the metro- 
polis) for opening up mines. The 
ore is as ricli in metallic iron as the 
best oolitic ironstone, whilst the 
absence of phosphoric acid, of which 
there is little more than a trace, 
and the presence of manganese will 
render it very suitable for Bessemer 
steel making. It also contains 
about 8 per cent, of lime, which will 
of course save the exj^ense of so 
much lime for a flux, whilst neither 
the alumina nor the silica, the other 
earthy constituents disclosed in the 
analysis, are in excessive propor- 
tion. The alumina indeed exists in 
this ore in a proportion sufficient 
not only to neutralise the silica in 
the smelting-furnace, but also to 
enable the ore to bear an admixture 
with one containing 4 or 5 per cent. 
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more silica without detriment to 
the iron produced. — Iron. 

New Zealand Coal.— Dr. Fer- 
dinand von Hochstetter {Physical 
Oeoff. ami Oeol., New Zeedand, 
Stuttgart : J. G. Cotta). — The au- 
thor says that for a series of years 

E ast, Carboniferous deposits have 
een known to exist in various por- 
tions of the north and south island. 
In the vicinity of Auckland, Nelson, 
on Golden Bay, in the Malvern 
Hills, near ('hristchurch, small 
mines have been opened which were 
as often given up as worthless. 
Closer investigation has, however, 
proved that upon North and South 
islands the coal varies greatly in 
quality, and is of very different 
geological ages. It is not only lig- 
nite of a comparatively inferior 
value that is known, but also thick 
beds of excellent brown coal of a 
tertiary age, and, moreover, coal of 
a probably secondary age, which in 
quality is scarcely second to the 
best English coal. One coal-field 
lies upon North Island, twenty 
miles south of Auckland, in the 
Drury and Hunua districts. 

The coal-bearing strata are 
situated on the western declivity of 
the wooded ranges bordering on the 
plains of Bapakura and Drury, in 
the east and south-east, at a height 
of from 200 to .‘100 feet above the 
level of the sea. The coal, the 
quality of which in the various por- 
tions of the bed in one and the 
same locality, and also in the various 
localities observed, suffers but little 
change, partakes, according to the 
varying gloss upon the surface of 
fracture, sometimes ratlicr of the 
quality of “glance coal,” at others, 
more of “ jutch coal.” In the 
interior of North Island, on the 
north-west slope of the Taupiri and 
Hakarimata ranges, the same brown- 
coal formations are found. This 
coal-field probably surpasses that of 
Drury in area. A third very exten- 
sive field of brown coal is found on 


' the western and south-western bor- 
ders of the Middle Waikato basin. 
Dr. J. Haast discovered extensive 
coal-fields on the Buller and Grey 
rivers, including a magnificent bed 
8 feet thick, at a height of about 
1,500 feet above the level of the sea, 
and extending over an area of eight 
miles in width and fifteen miles in 
length. On the Grey rivers on the 
west coast, four workable seams 
were found, the main seam being 
15 feet 8 inches in thickness. The 
coal, as to (juality and appearance, 
is said to be comparable with the 
best English coal. At Preservation 
Inlet, Otago, a bituminous black 
coal occurs. 

In the province of Otaga the 
brown-coal formation, on the south- 
east coast, extends continuously over 
at least forty-Uve square miles, form- 
ing hills 500 to 1,000 feet in height. 
The seams of coal vary from 6 to 20 
feet in thickness. The total quantity 
of coal in this district has been esti- 
mated at 100,000,000 tons. 

Iron and Coal Deposits at 
Wallerawang*, New South 
Wales.- -Prof. A. Liversidge. - 
Within a circle of some four miles 
diameter, about 150 miles from 
Sydney, the author states there are 
extensive deposits of rich iron ores 
of good coal and abundance of lime- 
stone. It may, therefore, be safely 
predicted that in a few years Wal- 
Icrawang will l)ecome an important 
iron -making district. 

Coal in Japan.— A letter from 
Nagasaki states that the Takasima 
Colliery is producing dOO tons of coal 
a day, the bulk of which goes to 
Shanghai, the local mail steamers 
using the rest. The discovery of 
coal, not only in t)ie l^ckin district, 
but in other parts of China, and 
also of,^iron ore, is likely to lead to 
important results. Mr. Henderson 
is now in this country obtaining all 
the necessary machinery for smelting 
iron in the Pekin district ; and 
the mandarins are being treated with 
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for the cstablishmcDt of iron works 
and opening of coal-mines in other 
parts. — A thenmim. 

Chinese Coal {Enijllsh Mechanic), 
— InSze-Chuen, coalocoui)ies an area 
of 100,000 square miles. Starting 
from the great plain of China on the 
west, there is a ijlateau of coal, over- 
lying a limestone formation, extend- 
ing to Shersi and Kansu for a dis- 
tance of about two hundred miles. 
These beds lie horizontally, have an 
average thickness of 30 feet, and an 
area of 30,000 miles. According to 
Baron Bichtofer, the coal is of excel- 
lent quality. 

Inc lian Coal- Fields. — Walter 
Ness (South Midland Inst, of Min- 
ing Engineers). — Mr. Ness is sta- 
tioned at Warora, in the Central 
presidency, and has lately, on behalf 
of the (iovernment, inspected the 
Mopanee field in lat. 22" 18' 
north, and in long. 78" 18" 

west. In the middle of the valley, 
on the south edge and immediately 
under the range of hills, was the 
Mopanee coal-field, in lease to the 
Narbada Coal and Iron Comi^any. 

The field is of considerable extent, 
and the coal-seams arc as thick as 
they are at Warora, and not very 
widely separated by intervening 
measures. The four seams arc of an 
aggregate workable thickness of coal 
of 39 J feet, and all can be approached 
and worked into from the face of the 
hill, at the bottom of whicli the 
Seetawara river sweeps past. From 
the top of the first to the bottom of 
the last, is not over 16U feet in all. 
The mines are comparatively dry, 
the overlaying measures of sandstone 
forming a good roof. There is a 
strong conglomerate overlaying the 
upper mcixsurcs. All of these ap- 
pear impervious to water ; and the 
surface is so undulated that the rain 
is soon run off to the rivers below. 
There is no fire-damp, which is also 
the case at Warora. There might 
be a tendency to spontaneous com- 
bustion, but as this only takes place 


amongst loose coal, it can be guarded 
against by taking care to leave 
nothing to burn in the shape of 
heaps of slack mixed with iron 
pyrites, which, in forming sulphide 
of aluminium, generates heat, and, I 
think, often thereby gets on fire. I 
fancy these mines will be largely 
worked yet for locomotive purposes. 
The Great Indian Peninsular Hall- 
way passes thirteen miles off, but 
has a branch hue into the mines. In 
reference to the quality of these 
coals, I may state that they are very 
unlike British coals. All Indian 
coals are very much alike in this re- 
spect, that they contain a lot of ash 
andgcnerally a good deal of moisture, 
'riic coals are leafy, and are easily 
impregnated with an excess of 
moisture when in wet positions^ so 
tliat the coal in a drained field will 
contain less moisture than one newly 
opened and wet. At present, a long 
)eriod is rerpiircd to get machinery 
orward, for the roads are now 
scarcely deserving of the name ; but 
this state of things will soon be 
numbered in tlie past. He is getting 
his machinery put together ; a railway 
will soon be running into the works, 
and he hopes that by next year the 
l)lant will l)e in working order. 

The first seam of coal was reached 
at a de]>th of 175 feet, where the 
coal was 3 feet (> inches. Before this 
had been come upon, yellow clay, 
variegated sandstone, carboniferous 
clay, variegated sandstone again, and 
a thin coal shale had to be passed 
through. At 180 feet coal of no 
less a thickness than 15 feet was 
found with shale only between it 
and the ui)per seam. Shale, white 
sandstone, and then shale, followed ; 
and at a depth of 210 feet there was 
a third scam of coal, II feet in 
thickness. The winding machinery 
was the ordinary tightened gear on 
the tirat motion, with a pair of 
coupled engines and a drum for a 
wire rope. The conductors likewise 
were of wire rope. 
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Coal in Russia.— General Ro- 
manofifski (Russian Tech. Soc., St, 
Petersburg). — Coal abounds in the 
Darya country, but mostly in nests 
containing comparatively small 

? [uantities. Of large coal-fields, but 
ew have hitherto been discovered. 
The most extensive are those of 
Kokine Sai, near Chodshent, con- 
taining 19,000,000 ijud at the lowest 
estimate. Next to them rank the 
Tartariuoff mines, from which 
300,000 i)ud of the best eoal have 
been already taken, and the annual 
out-put of which averages 70,000 
pud. (The pud or pood is equal to 
36 lbs. avoirdupois. ) Lead, salt, and 
other minerals of superior (piality ' 
have likewise been discovered, and 
promise a flourishing trade. 

Lignite. — The >S'tosw;>- DaUif 
News states a seam of lignite three 
feet in thickness has been disco- 
vered near the top of Furze Hill, 
Brighton, a fashionable locality. It 
is only six feet from the surface. Of 
course it is not true coal. 

The Coal Question.— Professor 
W. S. Jevous (British Association). 

• — His purpose was to compare sta- 
tistical facts concerning the recent 
progress of the out-put of coal with 
various predictions and theories 
which had been ]Hd)] isbed on the 
subject in tlie previous fifteen years. 
The quantity of coal raised in the 
year 1873 amounted to PJ7,(HM1,(M)9 
tons, according to the mineral sta- 
tistics of Mr. Hunt. Professor Hull 
had (j[ucstioned the power of the 
coal-fields to admit of a much 
greater drain in any one year than 
100,000,000 tons, at which rate ho 
believed the supply would be sulli- 
cient for eight centuries, bracts now 
entirely negative tlic hy])othesis of 
any such fixed limit. Sir William 
Armstrong, in his presidential ad- 
dress of 1863, put forward his cele- 
brated calculation that the produce 
of coal was advancing by a uniform 
annual addition of 2:] millions of 
tons, at which rate the coal in the 


country, as then estimated, would 
last only 212 years. ' According to 
this law of increase the produce in 
1873 ought to be 1 19 millions, which 
was ei^t millions less than the 
truth, the increase in the interval 
being at least 41 millions instead of 
33 millions, as it would be according 
to 8ir W. Armstrong’s method of 
calculation. Tlie average annual 
addition to the out-put is now 
nearly 3^ millions of tons instead 
of 2f, but the true law could not 
really be that of arithmetic increase, 
which, if followed backward, would 
lead us to zero about the year 1830. 
The true law' of increase was that 
of a geometrical series with the 
average annual rate of 3 4 per cent. 
According to this law it was calcu- 
lated that the produce of coal in 
1871 w'ould be about 117*9 mil- 
lions. According to Mr. Hunt’s 
statistics it proved to be actually 
117,352,028 tons. On the same 
method of calculation tlie produce 
of 1873 would be about 126*3 mil- 
lions, and the actual quantity raised 
exceeded this by about 700,000 tons. 
In spite of the extraordinary rise of 
the price of coal in the years 1872 
and 1873, the law of geometric in- 
crease was thus remarkably verified. 
In the Report of the Royal Commis- 
sioners on coal some calculations of 
Mr. Price Williams were put for- 
w^ard in whicli the average consump- 
tion, apart from exportation, of coal 
per liead of the population was 
assumed as rising from 3*9636 tons 
in 1871 to 4*4266 tons in 1881, 4*5784 
tons in 1891, and so on to a maxi- 
mum of 4*6526 tons in 1941. But 
according to this mctliod the con- 
sumption (not including coals ex- 
ported) of the year 1873, would be 
nearly six millions less than the 
truth. Mr. Price Williams believed 
that the rate of increase of consump- 
tion of coal per head had passed 
its maximum and was declining, 
whereas the most recent statistics 
showed that between 1869 and 1873 
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the advance was more than double 
that in the interval between 1866 
and 1869. It was pointed out that 
the remarks of the commissioners 
upon the coal question proceeded 
from an entire misapprehension of 
the arguments given in that book. 
No one asserted that the production 
of coal in Great Britain ever would 
rise to the liighcr quantities given 
by the geometrical law of increase. 
The true conclusion drawn was 
“that we cannot long maintain our 
present rate of increase of consump- 
tion, that we can never advance to 
tlie higher amount of consumption 
supposed ; but this only means that 
the clieck to our xirogress must be- 
come percex)tible within a century 
from the jjresent time.” In the 
year 1872 the i)rice of coal rose in 
many places to a height of two or 
three times its j^revious highest 
amount. This rise was in some 
respects exceptional, but was mainly 
due to the increased demand which, 
in spite of the ruinous price, ad- 
vanced five per cent, jjer annum. 
The great increase in the number of 
collieries produced by the extraor- 
dinary demand, would no doubt 
render the price more moderate for 
some time, but the coal famine of 
the years 1872-.S iniglit be regarded 
as the first twinge of the scai-city 
which must come, and it had 
taught us that coal had liecome now 
the first necessary of life in this 
kingdom. 

Coal Supply of London. — 

{j^c'ivcasfle Daily (hronkU .) — The 
coal supply of London has a curious 
history. Almost from time imme- 
morial it has been subjected to taxa- 
tion. The duty of Lv, Id. i)er ton 
now ])aid was fixed in ]8d2. In 
that year the quantity of coals im- 
jiorted into London was 2, LI9,078 
tons. Uj) to 1869 the highest aver- 
age price of the best coals was 
realised in 1837, when it was 24«. 
per ton, 'while the lowest was 16s. \d. 
I)er ton, realised in 1851. From 


1862, when best coal was sold in 
London 'at Vis. Id. per ton, up to 
1872, when it took a leap to nearly 
40.9. per ton, the price fluctuated 
between 18«. and 246*. per ton, and 
during 1873 as much as 67a per 
ton was charged by some of the 
London dealers, when the best coal 
was sold at 20s. per ton at the pit 
mouth. 

As nearly as can be ascertained, 
the total quantity of coal imported 
into London in 1873 was 7,883,138 
tons. Of this quantity 4,000,000 
tons, or 15 per cent, of the total 
out-put of the country, was sent from 
Durham It must not be supposed 
that all the coal sent into London is 
placed on the Coal Exchange. Of 
7,883,138 tons sent into the Metro- 
polis in 1873 notmore than 2,218,826, 
or a little over 28 per cent., passed 
through the markets. The re- 
mainder, for the most jjart, is con- 
signed to dep6ts which are under 
the ownership or management of the 
owners of the collieries that chiefly 
make consignments of coal to the 
metropolis. 

Uj) to the year 184.5, when the 
London and Birmingham Kailway 
began to carry coals, the fuel con- 
sumed in London was taken thence 
by sea or canal. In 1850, the Great 
Northern began to carry coals to 
London, and from that year till the 
l)resent time the rail-borne coals 
have gradually been increasing in 
extent until now the sea-borne coals 
are in a minority. The average 
cost of freight from the Tyne or the 
Wear to London has during the last 
three or four years been no more 
than 6.9. x>cr ton. Not a single ton 
of the inferior coals which are so 
largely consumed in the immediate 
neigh j)ourhood of the great coal- 
lields is imj)orted into Ijondon unless 
by accident, and the “nuts” and 
“small,” which form so consider- 
able a proportion of the fuel con- 
sumed in the North, are known in 
London by reputation only. For 
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many years the best household coal 
was produced from tho high main 
seam of the Tyne, and bore tho 
designation of Wallscnd coal, from 
tho fact that the Wallscnd Colliery 
was the chief source of its produc- 
tion. The same coal was, however, 
produced from the Percy- main. 
Walker, Heaton, Willingtou and 
other collieries of the Tyne ; and 
since the oi-igiual Wallscnd ('olliery I 
was discontinued, a number of years I 


ago, the Hutton coal-seam, of tho 
Wear has largely taken the place 
of the ere while favourite. Large 
quantities of coal produced from tho 
collieries of Pain ton, Lambton, and 
others, working tlie Hutton scam, 
have been sold in London as Walls- 
ends ; and up to the present time 
this designation continues to be ap- 
plied to the best coal imported into 
London 
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The Neolithic ahd Bronze 

Ages. — Professor W. Boyd Daw- 
kins (Lit. and Pliil. Soc., Man- 
chester). — The author calls atten- 
tion to the fact that the Neolithic 

n les were the first herdsmen and 
ers of whom wc have any trace, 
and states that to them -we owe the 
introduction into Europe of domes- 
tic animals and of cultivated cereals. 
They were also the first weavers 
and gardeners. From tlie southern 
character of some of the domestic 
animals such as Sus paluatris, and 
of some of the vegetables such as 
the Egyptian wheat and silene 
cretica, it may bo inferred that they 
came from the south, probably from 
the south-east, from the warmer 
regions of Central Asia. 

With regard to the Bronze Age it 
is a disputed question as to whether 
the knowledge of bronze was spread 
by commerce or by conquest. Pro- 
bably it was spread by both these 
means. The art of the Bronze Age 
can only be traced home to the 
Etruscans, that mysterious people 
who are a terror to the philologists, 
and of whom we know liistorieally 
that they were powerful by land 
and sea, that they were famous 
workers in metal, and possessed of 
q^uantities of amber. He therefore 
thinks it probable that the amber 
trade with the shores of the Baltic, 
and the tin trade with Spain and 
Britain, distributedover alarge part 
of Europe the produce of the Etrus- 
can workshops. On the decay of 
the Etruscan power, the trade was 
taken up by the Phoenicians, tlie 
gr^t maritine people who possc.ssed 
no distinctive stylo of art of their 
own, but raanunictured goods for 


the various markets, like the manu- 
facturers of Manchester and Bir- 
mingham. He does not therefore 
see how the popular view can bo 
maintained that the art of the Bronze 
Age was introduced into Northern 
and Central Europe by tlie Phami- 
cians. 

The Cemetery of Caranda. — 
Ct. Millescampa (Anthropological 
Society of Paris). It appears that 
this site was used for sepulture in the 
Neolithic Age,|ancl continual attimes 
to be so used by successive peoples 
down to tho Carlo vingian period. 
During this long succession of ages 
two traditional customs appear to 
have been preserved ; the one being 
the orientation of the body, the feet 
being always directed towards tho 
cast ; and the other, the votive 
offering of flint imidements. From 
an examination of the locality the 
author is led to believe that the art 
of working flint survived to as com- 
paratively late a period as the 
Merovingian ; but whether it was 
confined to tlie fabrication of imple- 
ments to be simply buried with the 
<lead, or exteuded to the manufac- 
ture of tools for every-day use, the 
author does not venture to detcr- 
miue. 

Caverns and Cavern, Life of 
the Ohio Valley. — Prof. Shaler. 
— The author suras up his researches 
iu tho following propositions : — 1. 
Tlie extensive development of ca- 
verns in tlio Ohio Valley is probably 
a comparatively recent phenomenon, 
not dating further back thau tlie 
latest Tertiary period. 2. It is 
doubtful whether there has been 
any extensive development of cavern 
life in this region before these caverns 



ANTHROPOLOGY. 


163 


of the subcarboniferoua limestone 
began to be excavated. 3. The 
general character of this cavern life 
points to the conclusion tliat it has 
been derived from the present fauna. 
4. The Glacial period, though it did 
not extend the ice-sheet over this 
cavern region, must have so pro- 
foundly alTected tlie climatal condi- 
tions that the external life could not 
have held its place here in the shape 
we now find it, but must have been 
replaced by some Arctic assemblage 
of species. TJ nder the circumstances, 
it is reasonable to suppose that most, 
if not all, the species found in these 
caves have been introduced since 
the Glacial period. .'5. We jwo also 
warranted by the facts in supposing 
that there is a continued infusion of 
“ new blood” from the outer species 
taking place, some of the forms 
showing the stages of a continual 
transition from the outer to the 
inner form. — Natiire. 

Flattened Tibiae of Pre -his- 
toric Man. — Accompanying the 
stone implements, pottery, and other 
relics exhumed from the ancient 
mounds in the State of Michigan, 
there have been found some human 
remains which merit attention, if 
only for the ostcological peculiari- 
ties Avhich some of tliem exhibit. 
These mounds and their contents 
are described, by Mr. H. Gillnian, 
in the Smithsonian Report. The 
tibim, or shin-bones, found in some 
of the Michigan tumuli, j^rcseut that 
peculiar flattening which was first 
observed by Prof. Busk in bones 
from the Gibraltar caves, and after- 
wards detected by Broca, Boyd 
Dawkins, and others in bones from 
several pre -historic caverns. It may 
be doubted, however, whether all 
the northern mound-builders had 
these “ platycnemic ” shin-bones. 

Paleeolitliic Cave at Thayin- 
gen, near Schaffhausen. - 
Arthur Wm. Waters (Lit. and Phil. 
Soc., Manchester). — Traces of early 
inhabitants have been found in this 


cave, which is called the ^‘kessler 
loch, ” or kettle cave, since the gipsy 
tinkers had often used it. It is 
situated in the Jura limestone, a 
few miles from Schaffhausen, but 
since it is rather a hollow in the 
rock it scarcely deserves the name 
of a cave. A full description of the 
fauna found here will shortly be pub- 
lished : j)robably the following list, 
though not complete, will be found 
correct: — Ursus arctos, canis lago- 
piis, gulo borealis, elephas primi- 
geuins, bos primigenius, canis 
vnlpes, lepus variabilis, arctomys 
marmotta, cervus taraiidus and 
perhaps cervus elephas and equus. 
This is very similar to theflists from 
the other caves, and the animals be- 
long to the upper pleistocene group. 
Nor does the similarity end iu 
Switzerland, for besides the same 
animals some of the hai’poons and 
other weapons have an extraordinary 
resemblance to some from the caves 
of South France, and sufficient to 
those of some parts of Germany and 
South England to show that the 
same race of men had a wide range. 

In the later periods the inhabitants 
of these dwellings were herdsmen 
and farmers, who cultivated the 
laud, had several domestic animal^, 
followed the chase, erected houses, 
skilfully worked stoues iuto imple- 
ments and afterwards used bronze 
tools, made jDottcry, spu ii and wove 
flax and bast, with which they made 
clothes and nets ; but when we turn 
to these earlier cave men, whether 
in Switzerland or elsewhere in 
Europe, we find that the ^life they 
led w*is altogether different, for they 
seem to have been a race of hunters 
and fishers, with probably no domes- 
tic animals, no knowledge of how to 
cultivate land or to erect themselves 
dwellings, and the stone tools they 
ifeed were never polished as in the 
later periods, but merely chips of 
flints. Yet these men whose civiliza- 
tion stood so low were able with 
their simple flint tools to execute 
M 2 



164 


THE YEAR-BOOK OF FACTS'. 


eogravings on bone and horn mth 
fair Bkill. The main point of interest 
connected with the Thayingen cave 
lies in the discovery among the re- 
mains of a piece of antler of reindeer 
with the representation of a reindeer 
feeding, most faithfully and really 
artistically carved. There are also 
two other carvings (of horses) and 
the execution of one is even much 
superior to that of the reindeer. 

From their implements and mode 
of life the paheolithic race of men is 
snpposed to bo represented by the 
Esquimaux at the present time, and 
this receives the strongest support 
from the fact that those people, 
whose mode of life is very similar 
to that of the pala'olithic man, arc 
in the habit of ornamenting their 
bone and horn implements in the 
same way, and the style of designs 
has much resemblance to that of the 
Dordogne. 

From the cave near Schaffhauseu, 
harpoons, and the so-called coin- 
mandostabe (which have been shown 
by Professor Boyd Dawkins to be 
really arrow straighteners), together 
with needles or bodkins have been 
found. Prof. Heim argues that the 
preponderauce of animals looking to 
the left over those looking to the 
right indicate a probability that the 
artist drew with the right haml. 
He concludes by saying, “the race 
of zoo-artists were in tlieir talents 
in advance of the means which were 
at their disposal. In the later races 
— for example the pile- dwellers— 
the intellectual ca])acity and the re- 
sources in the midst of whicli the 
men grew up arc more nearly ba- 
lanced.” Pie also says “that this 
was a premature attempt of the liu- 
man genius, and that no partial in- 
consistent cultivation of a single 
talent can be maintained for a long 
period.” This last remark does not 
seem to bo borne out, since the 
similarity of the Es(juimaux and 
paheolithic man is uudoubtf^l, and 
would rather make us consider how 


persistent a low civilization may re- 
main when there are few extraneous 
modifying circumstauces. 

Cavern de L’Herm, Foi^— Dr. 
J. B. Noulet {Cartailhac MatSriaux 
jmtr V Ilistorie de V Horn me ). — From 
the earth of that part of the cave 
known as the Vestibule, he obtained 
upwards of ,‘)00 fragments of human 
skeletons,, blit none helped to show 
the form of the skull. As many as 
106 isolated human teeth were found, 
of which three only presented traces 
of caries. Among the objects of 
human workmanship wc may spe- 
cially refer to a couple of celts 
wrought in jade or jadeite. It is 
concluded that the cave was used for 
sepulchral purposes, and hence the 
great accumulation of bones. 

Salt Cave, Kentucky. — Mr. 
Putnam. -Tliis cave is difficult of 
access, but the explorer was repaid 
for Ids trouble. In many places 
pieces of roclc liad fallen from the 
roof of the cave, in others there were 
nearly level spots with traces of the 
tires once kindled there, and small 
piles of stones, some built in such a 
way as to serve for tire-plaees. By 
the side of these were bundles of 
faggots, whicl) may have bccu in- 
tended for lirewood, or, possibly, for 
torches. In some side-passages were 
discovered footprints, with the im- 
pression of a sort of half-sandal, and, 
not far from these, somo cast-off 
saudjils, made of rush leaviis, braided 
like the straw sandals of China, but 
of a iliffercnt shape. A picco of 
cloth wixs also found there ; it was 
more than a foot square, and regu- 
larly and delicately woven, probably 
from the bark of some tree. Tliis 
cloth bad been dyed with black 
stripes, and darned in one corner. 
Beside these things, there were found 
in this cave branches of tlie same 
bark as that of wliich this cloth was 
made, a number of pieces of bark, 
twine, and rope with knots where 
they had been tied together, arrow- 
lioints, Ac. Now that such impor- 
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tant and tempting discoveries have 
bcc]i made, the explorations will be 
eontimicd. The things just mcn- 
tioned' have been compn.rod with 
those found with tlie mummy dis- 
covered some sixty years ago uoat 
the Mammoth Cave, and it is plain 
that they are similar in material, de- 
sign, and structure. Mr. liifcuam 
considered it highly i)robablc tliat 
they all belonged to one raco> and 
that the most iicarly civilised of the 
prehistoric inliabitanfcs of America. 
This valuable paper w ill be ])uldished 
ill full in the rrorrr.(lhiif.'< vj the Ihs- 
lo)i Natural /Jisfory Societt/. 

Moa Point Bone-Cave, near 
Sumner. — Dr. .lulius J laast (liiil. 
Inst., Canterlnuy, New Zealand). — 
This cave appears to have been 
originally a hollow in a stream of 
doleritie lava, afterwards cnlarge<l 
by action of the sea. When the old 
inoa-huntcrs landed, with their 
canoes, in some of the nooks of the 
roe,ky shore, this ca^^e otfered them 
a capital shelter ; and altliougli it 
aji^iears to have been occuihed at 
first only occasionally, there is proof 
of a more regular occujiancy at a 
later date. Outside the cave, cook- 
ing-ovens and kitchen -middens have 
been found, whilst the interior has 
yielded an interesting assemblage of 
objects olferiug an insight into the 
daily life of the moa-hiintcr. These 
consist of stone implements, a few 
bone-tools and jicrsoual ornaments, 
fragments of canoes, wmoden spears, 
and other olijeets, which point to a 
state of civilization aiipareutly not 
inferior in many respects to that 
enjoyed by the Maoris wdien .New 
Zealand was iirst visited by Euro- 
peans. Y^et the geological characters 
of the cave and its de[)osits show 
that the physical features of the 
country must have greatly clianged 
since the days of tlie hunters wlio 
exterminated these gigantic birds. 
This exploration, therefore, adds 
another link to tlie chain of evi- 
dence which has led Dr. Haast to 


opi)ose*tho i)opnlar notion that the 
moas became extinct wdthin recent 
times— say a century or so ago. 

Cissbury Camp . — {A cadeftMj). 
— On one of the chalk hills to the 
north of Worthing, in Sussex, are 
tlie remains of an ancient camp, 
well known to arclueologists \inder 
the name of (.kssbiiry. Within the 
entrenchment are a large number of 
<lepressioLis or jiits, of wdiich about 
thirty were ex[)lorcd a few 3mars ago 
))y (.•ol. Lane f'ox, and described by 
him ill his admirable papers on 
the Kill- Forts of Sussex. In tlie 
course of last summer, one of the 
pits, which ai»pearcd to have been 
previously undisturbed, was opened 
by Ernest Willett. (Brighton and 
Sussex Nat. Jlist. Soc. ) ^J'he in- 
terest of these e.vcavaiions centres 
ill the fact that the shaft, when 
cleared of the deposits by which it 
had been lilled in, was found to 
eonmiunicate, at a deiith of nearly 
twenty foot, with a series of cham- 
bers or galleries, running in all 
directions through the solid chalk. 
Jt is suggested tliat tlieso levels were 
ilriven into the challc, along a par- 
ticular layer of Hint, in order that 
the prehistoric liiut-nsing folk, who 
appear to have established a manu- 
factory of stone implements on this 
site, might obtain a sup])ly of sound 
Hint, fresh wdth the “rpiarry -water” 
in it, as suitable raw material for 
their work. Similar lliat-mines have 
been discovered by Canon Green well 
at Grime’s Graves, near Brandon, 
in Norfolk. Among the di^bris 
lining the pit at (Jissbury, there 
were found not only flint iraidements, 
but certain olijects which appear to 
have lieen tools used by tlie neo- 
lithic Hint-workers in sinking their 
slij^fts and driving their headings. 
One of tliesc implements is formed 
of theauth'.r of the red-deer, stripped 
of all its tines, save the brow-tine, 
and thus admirably adapted to serve 
at once as a pick and a hammer. 
There were also found fragments of 
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five shoulder-blades of the Celtic 
ehort-hom, or loug-faced ox (bos 
lougifrons), which, according to 
Mr. Willett, may have been used as 
shovels. 

‘ Stone Mining* Tools, Alder- 
ley Edge. — Professor W. Boyd 
OawkiuB (Lit. and Phil. Soc., Man- 
chester). — The liOwer Keuper sand- 
stone at the copper mines at Alderley 
Edge is impregnated with carbonate 
of copper, in search of which tunnels 
have been driven into the base of 
the hill. In following the ore from 
the deep upwards the miners had 
laid bare a con8idcrai)Ie portion of 
the rock. On examining the stones 
lying about in the hollows it was 
evident that a large uuml>er had 
been used in mining operations. 
Thirty- five of these were secured, 
and are now in the Museum at the 
Owens College. 

These mining tools are divisible 
into three classes: I, the hammers 
wdth a simple groove round the 
middle for the retention of the withy 
which formed tJxe handle ; 2, the 
hammers which besides this groove 
have one of their ends also grooved 
for the recej)tion of another withy, 
and th\i8 were prevented from slip- 
ping when a blow was struck ; and 
lastly, there were two impleineuts 
which probably had been used as 
wedges. 

All these implements were derived 
from the ice-borne stones of the 
boulder clay, of which they were 
merely picked specimens which hap- 
pened to be useful for the special 
purpose of mining. 

Subse(iuently many more speci- 
mens were obtained. The number 
which 1 have examined is consi- 
derably over one hundred, belonging 
to the three types mentioned above. 

The rock where the tools were 
met With was hollowed out irre- 
gularly and evidently artificially, 
and to a depth in some cases of from 
eight to eleven feet from the surface. 
And from an examination of the 


ground it was perfectly obvious that 
the ancient users of these tools had 
worked the metalliferous portions 
from above, without attempting to 
make galleries. The tools lay buried 
iu the debris which had been thrown 
into the old surface workings after 
they had been discontinued, and 
which presented all the characters 
of “a wheelbarrow formation,’’ and 
were found in the greatest abundance 
near the bottom. 

Stone hammers of the kind men- 
tioned above are very widely dis- 
tributed. They have been found in 
the ancient copper mines of Anglesea, 
of Spain and Portugal, and oi Lake 
Superior. With these also the 
Egyptians worked the turquoise 
mines of Wady Magarah, in the 
Sinaitic peninsula. They undoubt- 
edly represent one of the ruder and 
in’obabfy earlier stages in the art of 
mining. W ith th e solitary exception 
offered by tJje turquoise mines at 
Magarah, they have only been dis- 
covered in old copper workings, and 
they may therefore be inferred to 
have been used in iincient times 
mainly for the extraction of that 
metal. 

I will not venture to attempt to 
assign a date to the mining opera- 
tions carried on at Alderley, when 
these implements were iu use. In 
all the ancient mines, worked by 
the Homans, so far as I know, iron 
tools have alone been met with. 
Nor am I aware of any mines, of 
post -Homan date iu Europe, which 
have been carried on with tools 
composed of any other material. It 
would, therefore, seem probable that 
they are of pre- Roman age, and that 
they are of the class termed pre- 
historic by the arclueologists. 

Nor is it absolutely certain what 
metal was sought iu these surface 
workings, because ores of copper, 
cobalt, lead, iron, and manganese 
are associated together in that spot. 
If they were in search of copper, the 
ore must either then have been richer 
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than that which they left behind, or 
they must have been acquainted 
with some mode of reducing the 
sm?ill per centage of copper (which 
averages considerably less than 5 per 
cent.) from the matrix, of which we 
are ignorant. This is at present 
effected by a bath of hydrochloric 
acid. 

These implements imply a ruder 
pliasc of the art of mining than has 
liitherto been known in the neigh- 
bourhood of Mancli ester — a phase 
which may point back to the Bronze 
Age, when the necessary coi)per was 
eagerly sought throughout the whole 
of Europe. 

People of the Long-Barrow 
Period. — Prof. Rolleston ( Authopo- 
logical Institute).— The author be- 
gan by stating that it was univer- 
sally acknowledged that the long- 
barrows wore the oldest existing 
sepulchral monuments in Great 
Britain, and gave the arguments 
adduced to support that theory. He 
then discussed, at great length, the 
following points : 1. The evidence 
existing for dividing the long-barrow 
period into three epochs. In the 
earliest one the dead w^ere interred 
imburnt in chambers, /.c., in graves 
walled with upright Hags, and com- 
municating wdth the cxteiior by a 
passage or gallery, or, at any rate, 
constructed so as to admit of succes- 
sive interments. In those chambers 
was found the greatest amount of 
manganous disccdouratiou. In the 
second liie dead were still 

interred unbiirnt, but in cists, ie., 
in closed stone receptacles not in- 
tended to be opened, and having no 
gallery leading to the exterior. Tlie 
third epoch of the long-barrow 
X^criod was distinguished, to the 
regret of the crauiographer, by the 
practice of cremation — a x^^‘"^ctice 
which, like that of burial iu cists, 
and with even more probability, may 
be supposed to link the long and 
bfoad barrow periods together. 2. 
The evidence for accepting what 


might be called the Ossuary theory 
for explaining the appearances met 
with in the long-barrows, rather than 
the theory of successive interments, 
as put forwanl by Prof. Nilsson, or 
the theory of human sacrifices and 
and anthroj^ophagy, as put forward 
by the late Or. Tnurnam. What in- 
clined Prof. Rolleston to the Ossuary 
theory was the fact that just those 
bones arc found in connection most 
frequently which would, by virtue 
of their ligamentous or muscular 
connections, longest resist the dis- 
locating effects of removal from a 
X)rovisional to a permanent burial- 
place. 3. The evidence as to the 
mode of life prevalent in the long- 
barrow p(3riod which the cranial and 
other bones of the x^ersons buried or 
burnt in them furnished. 

Anthropology of Prehistoric 
Peru. — T. J. Hutcldnson (Anthro- 
X^ological Institute). — The writer 
agreed with Mr. Baldwin as to the 
original South Americans being the 
oldest pcox)le on that continent. The 
grandeur of colossal works, in the 
extent of the ancient hurial-moimds, 
was shown by illustrations. A com- 
X)arison of those examined by the 
tuitlior iu Peru was made with those 
explored by Messrs. Sipiier and Davis 
in the valleys of the Ohio and the 
Mississippi. The x^rehistoric archi- 
tocturo of l^eni, described by Prof. 
Raimondi in his recent work on the 
mineral riches of the department of 
Aucachs, wore mentioned as highly 
interesting ; more x>articularly the 
tombs cut out of solid blocks of diorite 
in the valleys where sandstone is the 
geological character, thus proving the 
enormous capacity for work of the 
ancient Peruvians in transporting 
tlieso stony nia.sses over the Andes. 
So small w'as the author’s faith in 
Spanish accounts of South America, 
that he inclined to the belief in 
some future explorer finding the 
mythical “ cradle of the Incas ” in 
the National Library at Madrid, in- 
stead of in the L^ke of Titicaca, to 
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■which latter place it is accredited by 
the Hakluyt Society. 

Pile-dwellings of the Bieler 
See. — By the lowering of the level 
of the water in the Biclcr S»e un- 
usual facilities have been atlbrded for 
a long time past for exainiuiiig the 
remains of pile-dwollings in this lake. 
An oliicial investigation has been 
undertaken by Herr K. von Felleu- 
berg, of Berne, who lias discovered 
at the station of Schatis, or (.'havan- 
ncs, some extremely interesting re- 
mains. ^lo trace of metal has been 
detected, but, on the other hand, 
numerous weapons and implemenis 
in stono, wood, lionc, and horn, liavc 
been brouglit to light ; many of the 
arrow-heads and knives being no- 
table for preserving their original 
hafts and setting. Among tlic 
organic remains, especial mention 
may be made of a portion of a 
human skull, which is said to have 
been worked by the hand of man. 

Ethnography of the Cimbri. 
— ('anon Bawlinson (British Asso- 
ciation). — After referring to w^hat we 
know from historical authorities re- 
specting the great Cimbric nation 
the author discussed the twm ethno- 
logical theories which have been ad- 
vanced to exjdain the origin of the 
Cimbri — the (Icrman and the Celtic 
theory. In favour of the view that 
the Cimbri were of German origin 
an attempt has been made to explain 
the etymology of the name by con- 
necting it with Kiimpfer, “fighters,” 
or Chemidio, “champions.” But 
Canon Kawdinson rejects both these 
derivations as not concordant with 
the laws of phonetic change in Latin. 
A strong presumption in favour of 
German origin might be draw'u from 
the geographical position of the 
Cimbri in Jutland, between the 
Elbe and the Rhine, if it could be 
showm that Celtic tribes ‘w^ere not 
mingled with the Germans in this 
locality. The blue eyes, flaxen hair, 
and other physical characters of the 
Cimbri, are not regarded by Prof. 


Rawlinson as proof of their German 
affinities. Nor does he lay much 
stress on the descriptiou of their 
manners and customs, which arc 
said to resemble those of the Ger- 
mans, esjiecially in the fact that 
their armies were accompanied to 
battle by priestesses rather than by 
ju’iests. After all, we know but 
little of the customs of the old Ger- 
mans, and I’rof. Bawlinson reminded 
his hearers that the “ Germania ” of 
I'acitns w as to ])e regarded more as 
a satire upon Imperial Rome than 
as a serious description of the Gor- 
man ])coplc. Julius Caesar’s state- 
ment tliat tlic Cimbri wxre Germans 
is not, according to the Professor, 
worth miicli, since it seems doubtful 
whether ('jvsar ever saw one of the 
Cimbri. As to the alliance of the 
Cimbri w ith the Teuton es, who were 
Germans, this evidence is, perhaps, 
out- weighed by their far closer alli- 
ance with tlic Helvetii, who were 
(.•eltic. On the whole, Prof. Rawlin- 
soii evidently leant towards the 
Celtic tlieory. The name may be 
satisfactorily identified with that of 
the Cymry ; the names of individual 
Cimbric chiefs, such as Boiorix, arc 
characteristically (Celtic ; and all 
Greek and Roman writers, excepting 
G;esar, refer them to a Celtic origin. 

Ethnography of Scotland.— 
Bcv. J. Earle (British Association) 
— The author believes that there is a 
strong N orw^egian element discernible 
among the Scotch. It is matter of 
general observation that the Nor- 
wegians and the Scotch have many 
characteristics in common, and Dr. 
Beddoe has corroborated this by re- 
ference to the physical characters of 
the two peoples. The relationship 
is supported, too, by historical evi- 
dence. Mr. Earle believes that Scot- 
land received those Norsemen who 
left Southern Norway, whilst the 
outgoers from the more northerly 
fiords occupied the Hebrides, which 
they termed the Southern Isles, or 
Sudreyjar, a word which survives to 



ANTHHOPOLOGY. m 


the present dny in the title of 
“ Sotior and Man.” Decidedly 
Norse features are found in the Low- 
land dialect, and it is known that 
Norse superstitions liu^^ei’od in Scot- 
land down to a very recent <late. 

Basque Language. — Dr. l*anl 
Broca d\'lv /Jt ntpolof/lr) .—-Fiul- 

ingto liudany adiiiiticsof the Basque 
with other languages, iu spite of all 
that has been written on this sub- 
ject, ho is led to si)eak of it im 
aiitoclitlionous. The several dialects 
of the Basque which have been so 
successfully studied by Brin cc Lncicn 
Bona])arte, may be fairly grouped 
togetl ler iis a single language. What- 
ever may have l)ecn the original ex- 
tension of the Euskariau languages, 
it is clear that at the dawn of the 
Jiistoric period they overst)read the 
country extending from the < laronne 
to the L’illars of Hercules. Yielding 
before tlie Bomau invasion, they 
were displaced by the Latin tongues 
tbroiighout tlic greater part of the 
l*ouiusula, save, in fact, where 
sheltered by the Byrenecs. But 
what passed during this time iu 
Aquitaiiia ? It is generally supjwsod 
that the old Iberian language was 
preserved south of the Adour, wliilst 
the Latin trinmx3lied elsewhere. Dr. 
Broca, however, thinks otherwise. 
He believes that the conditions 
under which the Basque was jn'o- 
served iu Spain ditl not rule north 
of the Byrenecs ; that the lan- 
guage was driven out of Southern 
Aquitania, just as it was else- 
where ; and that it was re-intro- 
duced at a later date. It is a mat- 
ter of history that iu the fifth century 
the liowerful Visigoth kings of Sf>ain 
sought to reduce the Vascous, who 
had withstood the Bomau arms. 
The struggle went hard against the 
Vascous, and they lost fit one time 
even their capital, I’amplona. It 
was then that many of them migrated 
across the Pyrenees, and established , 
themselves in the valleys of tlie! 
Soule and the Labourd. At a later 


' date the Vascou warriors endea- 
voured to regain in France what 
they had lost iu Spain, the French 
territory being but feebly i)rotected 
by the Merovingian kings. At 
length, in 002, Thierry II. coded to 
the Vascous all tlie country between 
tlic Adour and tlic Byrenecs, which 
lieucefortb received the name of 
Vascouy or the Bas(jue country. It 
was this Vascon invasion, according 
to Dr. Broca, that rc-iutrodiiced the 
Basque language into Aquitania. 
This language, therefore, so far from 
being the same as that spoken in the 
same area in i)re-historic times, does 
not date back beyond a few cen- 
turies. 

It lias been shown by Broca that 
tlio Basques on the Spanish side of 
the Byrenecs are dolicliocephalic, 
whilst those on the I'j'cncli si(lo are, 
for the most part, brachyccjdialic. 
Nevertheless, there is a certain jiro- 
portion of long skulls among the 
French Jkisqiies, and this is attri- 
buted to the same in 11 nonce as that 
wliich re-introduced the Ikisque 
language ; it is, in fact, the elTect of 
tho invasions of the fifth and sixth 
centuries, when the long-headed 
Siianish Vascous settled among the 
short-headed x)eople of Aquitania. — 
Athauvnvi, 

The Beothucs and Stone Im- 
plements of Newfoundland. — 
Mr. 0. T. B. Lloyd (Anthropo- 
logical Institute). — Tlic Beothucs 
have been extinct for several 
years, but the author has f lea- 
thered trustworthy information 
concerning their xihysiquc and man- 
ners and customs. They appeared 
to bo distinguished from other races 
of Noitli America iu lightness of 
conqdexion, the use of trenches in 
their wigwams for sleejiing places, 
the Ticculiar fonii of the canoe, the 
custom of living in a state of isola- 
tion, ajiart from the white iiihabir 
tants of the island, and in their per- 
sistent refusal to submit to any at- 
tempts to civilise them. Pottery, 
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as an art, was unknown to them, and 
they appeared to have been unable 
to domesticate the dog. 

Dwarf People of the Western 
Ghats. — Mr. Bond managed to 
procure an interview with a couple 
of the wild folk who live in the hill 
jungles of the western Gh.Us, to the 
south-west of the Palanei hills. 
These two people, a man and a wo- 
man, believed themselves to be 100 
years old. Mr. Bond supposes the 
man to be about twenty-five and the 
woman eighteen years of age. The 
man is 4 feet G1 inches in height, 2G] 
inches round the chest, and 18^ 
inches horizontally round the head 
over the eyebrows. He has a round 
liead, cioarsc, black, woolly hair, and 
a dark brown skin. The forehead 
is low and slightly retreating ; the 
lower part of the face projects like 
the muzzle of a monkey, and the 
mouth, which is small and oval, with 
thick lips, i)rotrudes about an inch 
beyond his nose: he luis short bandy 
legs, a comparatively long body, and 
arms that extend almost to his 
knees : the back just above the but- 
tock is concave, making the stern 
appear to be much i)rotruded. 'J’he 
hands and fingers are dumpy and 
always contracted, so that they 
cannot be made to stretch out 
quite straight and flat ; the palms 
and fingers are covered with thick 
skin (more particularly so the tips 
of the fingers), and the nails arc 
small and imperfect ; tlie feet are 
broad and thick-skinned all over ; 
the hairs of his moustache are of a 
greyish white, scanty and coarse 
like bristles, and he has no beard. 

The woman is 4 feet G4 inches in 
height, 27 inches round the clicst 
(above the breasts), and lO.], hori- 
zontally round tlie head above the 
brows ; the colour of the skin is 
sallow, or of a nearly yellow tint ; 
the hair is black, long, and straight, 
and the features well formed. There 
is no difference between her appear- 
ance and that of the common women 


of that part of the country. She is 
pleasant to look at, well developed, 
and modest. Their only dress is a 
loose cloth, and they cat flesh, but 
feed chiefly on roots and honey. 

They have no fixed dwelling places, 
but sleep on any convenient spot, 
generally between two rocks or 
caves near which they happen to 
be benighted. They make a fire 
and cook what they have collected 
during .tlie day, and keep the fire 
burning all night for warmth and to 
keep away wild animals. They 
worship certain local divinities of 
the forest— Rtikas or Rdkdri, and Pe 
(after whom tlie hill is named, Pe- 
malei). 

The woman cooks for and waits on 
the man, eating only after he is 
satisfied. — General Report of the 
Operations of the (ireat Trigono- 
metrical Survey of India, during 
1873-74, hy Col. J. T. Walker. 

Ceylon Weddas. — Bertram F. 
Hartshorne (British Association). — 
The author divides the whole tribe 
into two classes— jungle Weddas 
and village Weddas. The former 
retain more distinctly than the 
latter the essential characteristics of 
their isolated condition, still depend- 
ing for their chief means of subsist- 
ence upon their bows and arrows, 
and passing their lives in the vast 
forests ill the eastern parts of Ceylon, 
without any dwellingqdaces or sys- 
tem of cultivation. Their skill in 
the use of the bow and the strength 
of their left arm were to be noticed, 
as well as the absence of any stone 
or flint instruments among them. 
The influence of the civilised Tamil 
and Ciughalese races, contiguous to 
the district which they inhabit, 
has only in a very slight degree 
1 made itself felt, and their state of 
I barbarism is indicated by their 
j practice of producing fire by means 
I of rubbing two sticks together, as 
I well as by an almost entire absence 
of clothing, and the custom which 
1 they observe of habitually refrainii:^ 
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from any sort of ablution whatever. 
Their features are of no unintelligent 
type, but they wear an expression 
of extreme unhappiness, and one 
of their chief peculiarities is 
that they never langh. It is pro- 
bable that this circumstance is 
due to physiological causes rather 
than to any physical conformation. 
Their iutcllectiial capa(aty is ex- 
tremely slight, and their power of 
memory defective ; they arc ut- 
terly unable to count, nor does their 
language contain any words to de- 
note the numerals ; and it is singu- 
lar that, while their moral notions 
lead them to regard theft or lying or 
the striking of one another as an in- 
conceivable wrong, they are devoid 
of any form of religion, and also, 
apparently, of any religious senti- 
ment, except in so far as that which 
maybe inferred from their pi*actice of 
offering a sacrifice to tlic s])irjt of 
one of tlieir fellows immediately 
after his decease. Their idea of a 
future state is limited to the be- 
lief that they become devils after 
death, not, however, in the sense of 
the Buddhist theory of metempsy- 
chosis, hut simply as one final and 
irresistible transformation. Their 
vocabulary largely consists of words 
derived directly from thefhnghalese, 
and others which indicate an affinity 
with Pali or Hauskrit, whilst there re- 
mains a considerable residue of 
doubtful origin. There is, however, 
an absence of any distinctly J)ra- 
vidian element, and the language 
appears to bear no resem])lauce to 
that spoken by the Yakkas of Nc- 
paul. The Weddas are the only 
savage race in existence speaking an 
Aryan language. 

Andamanese.— Dr. G. Dobsoji 
(Anthropological Institute). — The 
author passed in review the various 
theories that had been propounded 
by eminent biologists to account for 
the origin of the Andamanese. He 
strongly inclined to the views of 
Mr. Wallace and M. Quatrefages 


that the Andamanese are Nigritos, 
or Samariys, from the Malay Penin- 
sula, and is opposed to the theory 
of their descent from shipwrecked 
African negroes, on the groimd 
rather of the dissimilarity of their 
manners and customs than of their 
l>hysical cliaracteristics. It is 
impossible, however, to account for 
the iwesenoe of the wild tribes of 
Southern India or the peculiar Sa- 
manys of the interior of the Malay 
I)eninsula, surrounded by races with 
wliicli they have no connexion what- 
ever, except on the hypothesis that 
they are the few surviving descend- 
ants of a woolly -haired people which 
ill ages xiast occupied lands south of 
the Himalayas, when the continent 
of Asia included within its southern 
limits the Andamans, Nicobars, Su- 
matra, Java, Borneo, and the Philip- 
pine Islands ; and that the present 
inhabitants of the Andamans and 
the Nigritos of the Philippines are 
also the remnant of these ancient 
Nigrito inhabitants of Southern 
Asia, which have almost disappeared 
before the invading Aryan and Mon- 
golian races. 

The Ne^ro of the Congo, 
West Africa. — Watson Smith 
(Lit. and Phil. Soc., Manchester). — 
These particulars were furnished by 
Mr. Kichard C. Phillips.- The parts 
of the coast are those situated be- 
tween the towns Chillunga. Laudana, 
Cabenda, Ambrizette, Kiusembo, 
and Ambriz. 

With respect to coast trading : — 
the articles of barter are chiefly 
rum, beads, cloth, knives, rings, 
hatchets, &c. On certain parts of 
the coast some articles mil pass as 
currency to the exclusion of otliers ; 
thus, beads are essential in Ambri- 
zetto and Kiusembo, being the true 
money of the country, and in con- 
sequence comparatively little spirits 
are used in these places, whuo at 
Loango rum plays a most prominent 
part. The produce of the country 
is palm nuts, ivory, coffee. 
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The African uses most of his rum 
as money. Suppose a Negro trader 
receives half a gallon of rum ; he will 
divide this into many portions — 
drinking some, giving some to his 
wives (perl laps ten), spending some 
in palm nuts, cacada, corn, firewood, 
Ac, Tlie rum is preferred, partly 
on account of its being readily di- 
vided without suderirig loss of value. 
The same apjdics to beads, which 
are preferred in some localities. The 
drinking of .sjiirits is tlius very 
much limited by its scarcity, and by 
its use as currency ; yet occasion- 
ally drunkenness breaks out and a 
“big dance” is held. One thing 
is evident, vi/., tJiat a settled and 
coidiruicd taste for spirits is being 
formed among those coast natives. 

The Negro is very averse to work, 
and takes little thought for the 
future, has little love or liate, is not 
revengeful, as that would entail 
trouble or e.xjx.'iiso, lives unto him- 
self alone. Crafty, euiiniiig, a 
htiru swindler, often a confessed 
rogue, avaricious yet lazy, Jie gene- 
rally attaches himself to some one 
of imixirtauce, aud does his bidding 
like a stray eur who follows you 
home, and of wdiich you take charge. 
This is not the individual, but tijc 
national cliaracter. 

Tbe soefal customs are of a very 
peculiar nature. The women are 
the slaves of their husbands or the 
mother’s eldest brother. This ar- 
rangement is necessary on account 
of concubinage, wliicli is every 
woman’s portion till sbe is married, 
and illegitimacy is a tonn of which 
they have no idea. One aud iill 
children are alike, the mother’s 
eldest brother having cliarge of the 
whole. They seem to get on very 
well without the domestic strife 
which one would expect ; the wives 
seem contented and happy. 1 u fact 
before the manner in which the 
domestic machinery wmrks can be 
appreciated, an examination of it is 
necessary. 


The native tongue is very pecu- 
liar, Imt very musical. 1 fancy it 
would sound well sung. The sound 
of ouo word often determines that 
of several others in a sentence, as 
li-ilu-lc ami, chinkutii-chi-ami, molo- 
mami, where the alliteration is 
plainly perceived, Ami means 
‘‘my.” One sound will often pre- 
<lominatc through a sentence go- 
verned by some pnnci])al word. It 
may be considered in the following 
light : >Sup])ose it to contain severm 
nouns— five or si.x, -and each gender 
to depend on the sound of the first 
syllaldc, then let the pronouns, ad- 
jectives, verbs, all he declined, with 
th(5 same corresponding generic 
sounds ; thus we get an alliteration, 
the subject governing all until the 
object is reached. The inllexiotis 
are of the first, not the last syllable. 
The following are a few specimens 
of singular and plural witli ])er8onal 
pronouns attached, illustrating the 
theory, wliich, however, is not inva- 
riably cai-ricd out : — 


Chinkfitri chiami 
skirl wy 
Binkutii biami 
shlris my 
Li-ilu leami 
nose, my 
JVlatu miimi 
cyrs my 
liunge chiami 
ring my 

Lungu biami 
rings my 

Mwouu ami 
child mg 
Banb bami 
childrm my 


I my shirt. 

my shirts. 

I my nose, 
j my eyes. 

I my ring. 

{No allUeraiion.) 
^ my rings. 

(Ao alliteration,) 
j my child. 

my children. 


There are some very interesting 
forms of verbs, adverbs of negation, 
Ac., phrases, for example — 


toto twami 
skc}) 

I am asleep, or was asleep at the 
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time spoken of. They say in answer 
to the question, ‘ ‘ Have you eaten ? ” 
“No.” In answer to “Have you 
anything to eat ?” they do not say 
“ No,” but “ Notliiiig.” The phrase 
“I have not eaten” involves again 
a different negative. Many jdirases 
are of a double natuie, like the 
French negative in “ je nc sais 
Altogether it is a highly elaborate 
tongue, witli whose beauties few are 
acquainted. If rapidly spoken, a 
sentence seems but one long wor<l, 
so easily do the syllables flow to- 
gether. The words themselves seem 
intricate changes on simple syllables ; 
few double consonants unless at the 
lieginniug of a word, then generally 
of the extraordinary forms in 
“Mpembo,” “ Njeib,” “ Msitu,” 
“Nkombo,” and as the preced- 
ing word ends in a vowel these 
readily combine. I do not think 
a dozen words in the language end 
in a consonant. The word for a 
cat is a suggestive one, “wai-ti,” 
pronounced “why-b.” 

Origin and Progress of the 
People of Madagascar. — Ilev. J. 
Mullens (Anthropological Institute). 
— The Malagasy appear to be a 
single race : no tribe is to be found 
secluded in any corner, or in the 
hill districts, different from the 
people of the plains or ojien pro- 
vijices, such as is met with in 
India, in Sumatra, and in Borneo, 
nor is any portion of the people 
specially degraded. Tlie Malagasy 
are divided into three tribes, the 
Betsimisarakas, tlie Sacalavas, and 
the Hovas, the latter largely pre- 
dominating in number and iufiuence. 
With regard to the origin of the 
people, the author rejects tlie 
theory of Crawford and others, who 
argued for their African descent. 1 
Their language and tribal customs 
suggest a very <lih‘erent origin. 
There can hardly be any doubt 
that the Malay enters largely into 
the composition of the grammar and 
vocabulary, and continued researches 


into the Malay and Malagasy lan- 
guages give more and more evi- 
dence of their resemblances. The 
conclusion is, that the Malagasy 
are a Malay people, following Malay 
customs, some of them ])osscssiug 
Malay eyes, hair, and features, and 
speaking a Malny tongue at the 
present time. They are an intelli- 
gent people, orderly, well governed, 
and daily improving, and the author 
of the paper sees for them the 
promise of a great and useful 
future. 

Natives of New Guinea. — 
To the three races of New Cuinea 
already known to inhabit the island 
— viz., the I’apuans on the south, 
the Arfaks of the mountainous coun- 
try on the north, and the Malays 
of the north-west — Captain Moresby 
(H. M . S. IkiHillKk) has added a foui’tli 
by the discovery of another, proba- 
bly a mixed racio of Malays and 
Paimans, inhabitmg the whole of 
the eastern peninsula of New Cuinea 
in its northern and southern shores, 
from about 148° h)ugitude to East 
Cape, -which is in 150' 5,8' East 
longitude, and the adjacent archi- 
pelago. This race is distinctly 
Malayan, but ililfers from the pure 
Malay in being smaller in stature, 
coarser in feature, thicker lipped, 
and having more frizzled hair. '^Phey 
have high cheek bones, their Jioses 
are inclined to be aquiline, their eyes 
dark and beautiful with good eye- 
brows ; many of the men have light 
hair and a Jewish cast of counte- 
nance ; they rise to a height of from 
5 feet 4 inches to 5 feet 8 inches, 
and are sinewy though not muscular, 
slight, graceful, and eel-like in the 
pliability of their bodic.s. This race 
merges into tin; pure l*a]>uan in the 
neighbourhood of Cape Possession, 
wdiero«ftluiy vary in colour, stature, 
and feature ; and a mixture of 
habits confirms tli(‘> idea of a fusion 
of race. Uie new race bury their 
dead in the ground, and build small 
thatched huts over them. Their 
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bouses, like those of the Papuans, 
are built on piles, and communicate 
with the ground by means of a pole 
notched with steps. They are rude 
but successful cultivators of tlic 
ground, using stone mattocks for 
turning up the soil ; tliey cultivate 
yams and taro. Cannibalism does 
not prevail largely among them, 
though it is not unknown. 

They arc atiectionate to their chil- 
dren, but in some cases were willing 
to barter them for iron axes. They 
do not keep their women in the 
background, but allow them to 
have a voice in the trading. The 
men are but slightly tattooed, but 
the women are tattooed all over in 
graceful patterns ; the women crop 
their hair short, but the men wear 
theirs long and frizzled ; the men 
wear a waistcloth only, but the 
women a short ^ass petticoat or 
ti-ti. Unlike the Papuans they pos- 
sess the art of making pottery. 
They are better cooks than the 
Papuans, and boil their food as well 
as roast and bake it. The Pai>uans 
fish only with a hook and line and a 
barbed spear, luit this race make 
fishing-nets with fibres of a small 
nettle-like plant. The Papuans use 
only outrigger canoes, but these 
have several kinds. They have 
developed a system of warlike tac- 
tics adapted to the weapons they 
employ, and when Captain Moresby 
approached them they formed up in 
two regular lines, the first line armed 
with missile spears, and the second 
line with clubs. This is in con- 
formity with the system adopted by 
all nations similarly armed, and has, 
no [doubt, been arrived at indepen- 
dently as the result of experience. 
Upon the whole, they must be re- 
garded as a more civilised race than 
the Papuans. Up to the time of 
their discovery by the Basilisk, they 
appear to have had little or no 
acquaintance with white men. — 
Academy. 

Cherokee Alphabet.-r- Colonel 


E. C. Boudinot (himself a Cherokee ; 
Amer. Geograph. 8oc.). — TheChero- 
kees are the only Indians who have 
an original alphabet for their lan- 
guage. The Creeks and Choctaws 
use the English characters, but the 
Cherokees have an alphabet of their 
own, invented by a Cherokee who 
could not talk the English language. 
His name was Sequoyah. This in- 
ventive genius— the Cadmus of his 
race— bad none of the lights of 
science or civilisation to guide him ; 
but conceiving the idea of enabling 
the Indians to talk on paper, as he 
one day saw the agent of the United 
States doing, he shut himself up in 
his cabin for more than a year, and 
endured, like many other reformers 
and inventors, the gibes and jeers 
of the ignorant and thoughtless, wdio 
all pronounced him crazy until he 
came forth with a perfect alphabet, 
and established his claim to be 
ranked among the first inventive 
minds of the century. He traced 
the characters of his alphabet on 
chips and pieces of bark. This 
alj)habet was invented in 1822 ; it 
consists of seventy- eight characters, 
and, strange to say, is most easily 
learned by children. A newspaper 
is published in this character called 
the (Jharokee Advocate, 

Indians of the N.-W. United 
States.— General Carrington (Bri- 
tish Association). — The author thus 
summed up their character : — “ The 
whole drift of the Indian’s life is in 
the direction of struggle. He has 
no home in a special sense, and no 
adaptiveness for town or farm life. 
Laziness, free from the pressure of 
war or self-support, is the only ele- 
ment that would give to a quiet life 
any value. His jispirations confirm 
a roving tendency, and the matured 
generation must remain uncivilised. 
Shrmerly the Indians waged exten- 
sive wars with each otlier ; but 
various tribes have become so di- 
vided and subdivided that concert 
among themselves for ofiensive 
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operations ’upon an extensive scale 
is impossible. They will not attack 
unless superior in numbers, nor risk 
life heedlessly. The Indian comes, 
as the hornet comes, in clouds or 
singly, ^et never trying to sting 
until his ascendency is assured, 
and his own exposure the slightest. 
The Sioux warrior thus IJred for 
fight is instinct with the spirit of 
war. In ambush and decoy he 
is splendid ; in horsemanship, per- 
fect ; in strategy, wise ; in battle, 
wary, and careful of life ; in victory, 
jubdant ; in vengeance, terrible and 
fiendish ! ” 

French Boy Living with 
Savages. — According to state- 
ments which recently appearc<l in 
the Thne>% a Frenchman, named 
Narcisse Pierre Peltier, about thirty 
years of age, has been rescued from 
the Macadama tribe on Night Island, 
off the north-east coast of Queens- 
land, wlierc he was left, when a 
cabin-boy, 17 years ago, by a party 
of shipwrecked sailors. I laving 
been kindly treated by the natives, 
he completely fell in with their 
customs, and is said to have ejuitted 
them with reluctance. Like the 
rest of the tribe, be bad had his 
chest and arms scored with broken 
bottle-glass, and the lol>e of his right 
ear distended and pierced for recep- 
tion of a wooden ornament. When 
first captured he could Jiardly recall 
a word of French, hut he rapidly 
recovered the use of his mother 
tongue, not only in speaking but 
even in reading and writing. M uch 
information respecting the Maca- 
damas has been obtained from Pel- 
tier, and a vocabulary of about a 
hundred words has been taken down 
from his dictation. 

Height and Weight of Boys 
aged Fourteen in Town and 
Country Schools, — Mr. F. Galton 
(Anthropological Institute). — The 
principal results showed the com- 
parative heights and weights of those 
hoys who were fourteen on their last 


birthday in two groups of public 
schools, the one group of country 
schools, and the other of town 
schools. It appeared that boys of 
fourteen in the country group were 
about 1 1 inch taller and 7 lb. heavier 
than those in the town group ; also, 
that the difference of height was 
due in about e<pial degrees to retarda- 
tion and to total suppression of 
grovrlli. 

A Variable Character in the 
Hand of Man. — Hr. Eckcr (Ar- 
chiv fiir v1?2///ro;)o/o_77V^).— Which is 
the longer, the index-fmger or the 
ring-finger, iii the human hand ? So 
mucli difference prevails in answer- 
ing this question that Dr. Ecker 
has been led to examine the subject 
with some care. In the gorilla, and 
the other anthropoid apes which he 
examined, the iudex finger is shorter 
than the ring-finger. Among negroes 
this is also the case, but with 
negresscs the index-finger is, in some 
cases, tlic longer. ATUOng Euro- 
peans such difiereuccs obtain that 
no general statement can bo fairly 
made, but it is notable that in wo- 
men the index-finger is the longer 
more fre(|uently than in men. 

Language and Race. —Rev. 
A. II. Sayce (Anthropological Insti- 
tute). — Tlie author holds that the 
fallacy of language as a sure and 
certain test of race is one to whicli 
few modern philologists would com- 
mit themselves. There is no as- 
sertion which can be more readily 
confronted with Jiistory, or, when 
so confronted, more clearly be de- 
monstrated to be false. Society 
implies language, race does not ; 
hence while it may be asserted 
that language is the test of social 
contact, it may be asserted witlj 
equal precision that it is not a test 
of .^acc. Language can tell us 
nothing of race. It does not even 
raise axjresumijtion that the speakers 
of the same language are all of the 
same origin. It , is only necessary 
to look at the great States of Eurojje, 




170 


tHE YEAE-BOOK OP FACTS. 


with their mingled races and com 
mon dialects, to discover that lan- 
guage shows only that they hai 
^1 come under the same social in- 
fluences. Race in philology and 
race in physiology mean very dilfcr- 
, ent things. 

The Comparative Psycho- 
logy of Man.— Herbert Spencer 
(Anthrox^ological Institute). — The 
author commenced by showing the 
necessity for division of labour in a 
systematic study of psychology, and 
proceeded to maj) out the subject 
mto divisions and subdivisions, and 
to indicate the manner in which its 
various branches might bo investi- 
gated. The main divisions were — 
mental mass and complexity, the 
rate of development, xdasticity, varia- 
bility, impulsiveness, dilierence of 
sex, the sexual sentiment, imitation, 
quality of thought, x:)eculiar ajjti- 
tudes, with their many subdivisions. 
Mental eflects of mixture, and the 
inquiry how far tlie conquest of race 
by race has been instrumental in ad- 
vancing civilisation, would also 
come withiu the scope of compara- 
tive psychology. 

Measure of Sensation. — Tli. 
Ribot. — The author employs three 
methods of experiment : the method 
of smallest perceptible diCTereuces ; 
the method of true and false in- 
stances ; and the method of mean 
errors. These are thus explained : 

“ Suppose we have two weigljts, A 
and 6, to compare. If their dittbr- 
ence is very slight, it may not be 
perceived, and they may be f)ro- 
nounced equal. If the dillerejjco d 
is gradually increased, it will at 
last become appreciable,” and the 
sensitiveness of the person experi- 
mented upon is estimated by the 
weight of d when this occurs. “ The 
second method consists in taking ! 
two weights with a slight dittbrence, j 
so that an error in judgment is , 
possible. Sometimes one and some- I 
times the other will be i)Fonoimced ! 
the heavier, and in comparing the | 


results of many trials there will be 
a certain number of decisions true, 
and a certain number false. As the 
difference between the two weights 
is augmented, the number of true 
decisions will increase at the ex- 
pense of the false ones.” 

The tj^ird method consists in tak- 
ing a normal weight A, ascertained 
by a balance, and then trying to de- 
termine by a judgment from sensa- 
tion the value of anotlier weight B, 
which looks equal to A. Usually 
the second weight differs from the 
first by a quantity, o, which is small 
in x^rojiortion as tlie sensitiveness of 
the oi^orator is great. The trial is 
repeated a great many times, and 
the mean results ascertained. 

In experimenting on the sensation 
of weight, the hand is stretched upon 
a table, and a certain weight 
X>laced on it, the subject of the trial 
beiug blind-folded. Minute addi- 
tions to the W'eight are tlien succes- 
sively made, and the subject asked 
if any difference is felt. If not, 
more is added until the difference is 
noticed, and the trials repeated 
many times. By this method it is 
"ound tJiat there is a constant rcla- 
bion between the original weight, 
-ind the additional weight, whatever 
may be the amount of the former, 
'f, for examjde, for 1 gramme an 
aihlitional weight of | gramme is re- 
piireil, for one ounce it will be | oz. , 

' )r one pound | lb., &c. The mean 
I a great number of ex])erimeuts 
gives one-third as the relation be- 
tween the two weights, so tliat 
“ whatever pressure may be on the 
skin, no augmentation or diminution 
will be felt if it does not amount 
to one-tliird of tlie jirimitivo 
weight.” 

Muscular effort in raising weights 
gives more easily apiireciablo re- 
sults, and the average sensitiveness 
is found to be about live times as 
great as in the ])receding cases, a 
diflerence of being noticeable. 
This number aiiplies to all weights. 
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so that (> grammes must be added to 
100 grammes, 00 to 1,000, and so on, 
to make the difference felt. Sensi- 
tiveness to light is determined by 
the help of a pliotoiiieter. Any given 
luminous excitation of the eye must 
be augmented by for the change 
to be perceptible. 

In testing sensitiveness to sound, 
two balls of the same size, A and li, 
have a smaU tablet ]jlaccd between 
thent. Tliey are suspended by 
strings of the same length, and a 
graduated circle marks the extent 
to wdiich they are elevated before 
being allowed to fall upon the tablet 
and occasion a sound which will be 
proportional to the height from 
vdiich they descend, J’rodiicing 
sounds of different intensities af- 
forded the result that any given 
sound must ])e augmented one-third 
to be distinguished from the pre- 
ceding one. 

With I’egard to weight, various 
parts of the skin differ in sensi- 
tiveness ; tlic most sensitive, as tln^ 
forehead, tem[»lcs, eyelids, and the 
back of the hand, can a[)[>reeiate 
onc-lifth-hundredtli of a. gramme, 
the palms, hody, and legs, one- 
twentieth of a gramme, and miils one 
gramme. 

The minimum of i»ercGptible sound 
results from letting a cork ball 
weighing one iiiilligramme fall from 
the lieight of one millimetre on a 
])latc of glass wlieii the ear of the 
listener is 1)1 millimetres off'. 

^Jdio internal light of the eye, hav- 
ing a lasting cause in eliemieal pro- 
cesses of nutrition, or muscular mo- 
tion, renders it tlifficult to discover 
the mijiinium of light that can be 
recognised. Measuring liglit l)y the 
intensity of its sliadows, a,nd using 
a screen of black velvet, Volckman 
found the light of the cyo re[)re- 
sented by the effect of an ordinary 
candle about 9 feet distant. 

With regard to heat, the human 
skin at its noriiiid temperature, 
18° *4 U., appears capable of appre- 


ciating a change of about ojie-eighth 
of a ('entigrade degree. — Academy. 

Subjective Phenomena of 
Taste. — J)r. Stone (Physical So- 
ciety). — The author stated that ex- 
periments he had recently made led 
him to consider whether there might 
be “complementary taste,” just as 
there is ‘ ‘ complementary sight. ” He 
described the following experiments 
as examples of the kind of phenome- 
non, J f water be placed in the mouth 
after the back of the tongue has 
been moistened wdth moderately 
dilute nitric acid, tlie water will 
have a distinctly saccharine taste. 
Or if the wires from a 10-cell Grove’s 
battt;ry be covered with moist sponge, 
.and ])laced one on the forelj.ea<l and 
the other at the back of the neck, 
an impression is ] produced which is 
exactly similar to that resulting from 
the insertion of the tougue between 
a silver and a c()[)per coin, the edges 
of which arc in contact. T)r. Stone 
showed that the. induced current 
usually (m)f)1oycd for nu'dical piir-‘ 
]>oscs has not tliis effect, and he 
con sidereal tlio residts curious, as, 
so far as wekmtw, tl)cy can hardly 
be the result of chemical action. 
Mr, lloberts mentioned an instance 
iji which sudden alarm had been 
folIowe<l by tlic jjeouliar taste wdiich 
I'csults from the introduction of two 
coins into the mouth, to which <allu- 
siou has already been made. 

Sleep. — Our existing knowledge 
about the physiology of sleep does 
not go much beyond the fact that 
the ])l»enomenou in (picstioii is in- 
variably associated witli a c(jnipara- 
tively bloodless condition of the 
brain. l*Hiig<ir attem]>Ls to take us 
a step fiirtlier by »:onstructing ail 
elaborate liypotlicsis of a physico- 
cheniical ordci* {l*jlii<f<r's An‘/(b\ x. 
S, 9). ^ Stai’ting from tin! view that 
the fiinctiomil activity of any organ, 
and more especially of a nerve-centre, 
depends upon a dissociation of liv- 
ing matter, which is itself only a 
modified form of albumin, the author 
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goes on to speculate that the chemi- 
cal potential energy which is used 
up in the formation of every molecule 
of carbonic acid is transformed into 
heat. In other words, the atoms of 
which this molecule consists are 
thrown into a state of very active 
vibration. These intramolecular cx- 
idosions are propagated in all direc- 
tions along the nerves to the muscu- 
lar and glandular systems, which 
arc in structural continuity with the 
nerve-centres. Frogs, deprived of 
oxygen, are thrown into a state of 
apparent deatli, precisely similar to 
sleep ; fromtliis they may be roused 
by a fresh supply of oxygenated 
blood. A certain proportion of 
intramolecular oxygen in the nerve- 
centres is thus essential to the wak- 
ing state, since it enables a given 
number of explosions to occur in a 
unit of time at a given temperature. 
But, during the waking state, the 
energy of chemical atlinity is used 
up much faster than the intramole- 
cular oxygen of the grey matter of 
the brain can be replaced ; conse- 
quently the formation of carbonic 
acid steadily diminishes ; and when 
the ntimber of explosions per unit of 
time sinks below a certain minimum, 
sleep ensues. The entire energy of 
the brain is never really used up ; 
but it sinks to a point at which, in 
tlie absence of all external stimuli, 
it is incapable of maintaining func- 
tional activity. This theory may be 
so developed as to explain most of 
the phenomena of ordinary sleep, 
such as its periodicity, &c. The 
author likewise attcinj)ts to bring 
the winter sleep of hybernating 
mammals, and the summer sleep of 
tropical amphibia, into harmony with 
it. — Academy. 

Temperature of the Human 
Body during* Mountain-Climb- 
ing*. — {Nature), — ])r. M arcct andM. 
Ivortet state that: — 1. The tempera- 
ture of the body, as a rule, falls 
during the act of ascending an incline. 

2. During the time of the “moun- 


tain sickness,” which so frequently 
accompanies the ascent of lofty 
heights, the body-temperature falls 
in a very marked manner. 

Dr. Forel differs from the above 
observers. He states : —As to the 
effect of an uncomplicated assent, a 
considerable rise in temperature 
(2° *5 Fahr.) accompanies a rapid 
ascent of about an hour’s duration. 

Even in conditions of great fatigue, 
the human body rises in temperature 
upon the muscular effort of ascending 
a licight. It is impossible to deter- 
mine if the elevation of animal hoot 
due to the movement of ascension 
diminishes in proportion to the in- 
crease of the muscular fatigue. 

Next, as to the influence of an 
empty stomach on the temperature 
curve. On himself, Dr. Forel proves 
that a fast of twelve or even twenty- 
four hours is no obstacle whatever 
to the rise of temperature which 
attends the muscular effort of as- 
cending a hill. 

By collecting and comparing the 
temperature-curves produced in as- 
cending and descending inclines, ho 
found that the body -temperature 
is raised more by a descent than by 
an ascent. From twenty-one experi- 
ments, the average rise in tempera- 
ture attending the act of ascending 
is found to be 2*412" F., whereas 
the mean of seven descents is found 
to be 2*772' F. I’lie difierence, 
0*30' F., is small, it is true. Thus 
a certain amount of heat is trans- 
formed into mechanical work during 
the act of ascent, a certain quantity 
being returned to the organism from 
without , under the opposite condition. 

Dr. Forel ascended Mont llosa in 
July, 1873 (15,217 feet), and, not- 
withstanding that he suffered from 
mountain sickness, the body-tem- 
2 )eratiire never showed any tendency 
to fall throughout, and was 101 •5"’ F. 
on his reaching the highest point. 

Influence of Sea and Moun- 
tain Air on the System.— Prof, 
j Bencke, of Marburg {Deutsche Ar- 
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chw filr Klinische Medicin )^ — The 
author has ascertained that bodies 
part with their heat more rapidly on 
the sea coasts than on mountain 
heiglits. His conclusions from liis 
investigations are that irritable, 


nervous, excitable people will lind 
themselves better in mountain air ; 
but that persons with good digestiou, 
who have V)een overworked, will be 
most beuclitod by a sojourn at the 
sea-side. 
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Wolf of Northern India. — 

E. Bouaira (A'a/'</)Y').--TIiis year 
(1874'75) 1 examined fourteen 

batches or litters of wolf-cubs be- 
tween .I)eeend)er IS and February 1. 
.fudging from the apparent ages of 
the different litters, 1 should fix the 
breeding time of the wolf from about 
the middle of Octoljcr to about the 
end of December. But the majority 
arc bred in December, as out of the 
fourteen batches I could apjiroxi- 
matcly fix the birth of eleven of 
them ill some date of December. 
On the 2l)th of December a full- 
grown she-wolf, ill milk, was brought 
to me, with seven cubs, whieli ap- 
peared to be about a wecii old. Slie 
had ten teats. The eyes and ears of 
the cubs were closed ; their ears 
were drooping ; their genei-al suj)cr- 
ficial colour was sooty brown, with 
an under colour, that is, at tbe roots 
of the hairs, of dirty light tan. The 
latter colour was more marked on 
the head aud flanks, while the so(»ti- 
iicss was more decided on the hinder 
part of the body. They all had a 
milk-white cliest-spot varying in 
size. Six of them had white hairs 
at the tips of their tails. 

All those I examined, of about 
the same age, had similar charac- 
"ters. When the eyes of young 
wolves open, and they begin to 
crawl, about tlie tliird week, their 
general colour is a dirty light tan, 
washed with soot. As they grow, 
their cars become cnjct, tbeir gene- 
ral colour a uniform Jigfit tau, witli 
only the tips of the liairs dark, the 
tail being the darkest pai*t of the | 
animal. After the sixth week or so, 
the white chest-spot emerges into 
the light fawn colour of the remain- 
der 01 the chest, and a dark collar 


on the under part of the neck be- 
comes visible. This collar looks as 
if dark grey ashes were brushed 
across the greyish white of tlm neck. 
All those 1 examined which looked 
older than four or live weeks had 
tliis collar. But it disappears 
agrain as the wolf gains its adult 
colonriiig, becoming merged into 
the uniform creamy white of the 
neck and chest. Out of seventy- 
nine M'olf-cubs which 1 examined, 
all but one had a white chest-spot, 
varying in size from a few liairs to a 
Iiatcli the size of a rupee. Fourteen 
of them had white tips to their tails, 
varying in size. Seventeen of them 
had white tips to one or more of 
their feet. These white marks leave 
no doubt about the close relation- 
slnji between tbe wolf aud tbe do- 
mestic dog. 

Sense of Humour in Ani- 
mals. — 0. J. Uomanes(iYrcia?’c). — 
Several years ago 1 use to watch 
carefully the young orang outaiig 
at the Zoological (iardeiis, and I am 
(jnite sure that she manifested a 
sense of the ludicrous. One ex- 
ample will vSiiilice. Pier feeding- tin 
was of a somewhat peculiar shape, 
and when it was empty she used 
sometimes to invert it u]jou her 
head. The tin then presented a 
comical reseniblanco to a lion net, 
and as its wearer would generally 
favour the si)cctators with a broad 
grin at tlie time of putting it on, she 
never failed to raise a laugh from 
them. Her success in this respect 
was evidently attended with no 
small gratilicatiou on her part. 

I once had a Skye terrier which, 
like all of liis kind, was very intelli- 
gent. When in good humour he had 
several tricks, which I know to have 
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been self-taught, and the sole object 
of which was evidently to excite 
laughter. For instance, wliile lying 
upon one side and violently grinning, 
he would hold one leg in his mouth. 
Under such circumstances nothing 
]dcasedhimso much as having his 
joke duly appreciated, while if no 
notice was taken of him he would 
become sulky. On tlio otlier hand, 
nothing that could happen displeased 
him so much as being laughed at 
when he did not intend to be ridi- 
cidous. Mr. Darwin says : — “Sev- 
eral ol)servers have stated that 
inoidceys certainly dislike being 
laughed at.” There can be little 
or no doubt tliat this is true of 
monkeys ; but 1 never knew of a 
really good case among dogs save 
this one, and here the signs of dis- 
like were unc([uivocal. give one 
instance. He used to bo very fond 
of catching Hies upon the window- 
panes, ajid if ridiculed when nusne- 
cessful, was evidently much an- 
noyed. On one occasion, in ordiT 
to see what ho would do, ipur])osely 
laughed immoderately every time In; 
failed, it so happened that he did 
so several times in succession — 
partly, 1 believe, in conse([uenccof my 
laughing — and eventually became so 
distressed that he positively pre- 
tended to catch the fly, going 
tlu’ough all tlie appropriate actions 
with his li])s and tongiui, ami after- 
wards rubi)ing the ground with his 
neck as if to kill the victim ; he 
then looked up at me with a tri- 
umphant air of success. So well 
was tlio whole process simulated, 
that I should have been (piite de- 
ceived, liad T not scon that the fly 
was still upon tlie window. Accord- 
ingly I drew his attention to this 
fact, as well as to the absence of 
anything upon the floor ; and when 
he saw that his hypocrisy had been 
detected, he slunk away under some 
furniture, evidently very much 
ashamed of himself. 

Tree -Kangaroo .— {A thewrum). 


— In New Gumea there are two 
species of tree-kangaroos, peculiar 
from having the fore limbs long, 
and specially adapted for climbing. 
Tliesc are also ](eculiar in that the 
hair on the uai)e of the neck, instead 
of being directed d(»wn wards, as in 
the true kangaroos and most ani- 
mals, turns forwards towards the 
head. 'Pheir front crushing teeth 
or premolars ai‘e abnormally large. 
In the New (hiinca kangaroo (t/or- 
rop.s'/.s* the fur of the neck 

and the front molar teeth agree 
exactly with those of the tree-kan- 
garoos, and not with the Filander, 
or the continental sp(;eies. 

(^uite recently, M. L. M. D’ Al- 
bertis obtained from a sailor of 
H. M. S. Jjasiliah a small kangaroo, 
which he sent to the Zoological 
Society’s (hardens. Tt was obtained 
from that little-known region, tlic 
sontli-cast end of New Guinea, The 
cold of the past winter was too much 
for the little creature, and its death 
has given the Jhoseetor to the Zoo- 
logical Society an opportunity of 
studying its anatomy, which makes 
it evuhmt tliat it btilongs to tlio 
same genus as the Now Guinea 
e])ecics, from the uorth-west corner, 
doMcrilicd by (hmi and Gaimard, and 
that it must be termed />o/ro/^sv’.s* 
iKHtiomi, I / ((Imnlirrus h(.r/:u,(jsii,s\ 
having been the name cmjdoycd hy 
D’Albortis in his original descrip- 
tion. 

In one point, nanii;ly, in the pos- 
session of a species of true kaugaroo, 
the island of Aru more resembles 
Australia tlian it does New Guiuea, 
which, with Mysol, is remarkable 
for containing no kangaroos, but a 
group of kangaroo-like animals, that 
tall into two divisions of generic im- 
portance, the trco-kaugaroos {Den- 
droUKjus) and those which cannot 
be otiierwisc expressed than by the 
indirect term, the Grouud-tree-kan- 
garoos {Dorcopsin). Each division 
has just been shown to contain two 
species. 
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Modes of Occurrence of Moa 
Bones in New Zealand.-~Dr. 

Hector (British AssociatioiO- — Tlio 
aiitlior said he used tlie term JVloa 
in preference to that of i)i norms, 
])ecause the bones of the New Zealand 
birds were now divided among so 
many genera. He demonstrated most 
conclusively that the knowledge of 
their former existence was not com- 
municated to the Maoris by the 
Europeans, who deduced their struc- 
ture from their remains, but, on the 
contrary, was im])arted to the latter 
by the former. He believed there 
was no hope of ever finding the birds 
alive, for he himself had been over 
the whole of the islands very tho- 
roughly without seeing them. He 
found that the country occupied by 
primeval forests before the advent 
of Europeans was that in which moa 
bones did not occur. His deduction 
was that they lived in the open and 
low scrub, in which they could walk. 
In all this region the moa bones 
were extremely abuudant in the 
South Island, aU over the ground ; 
but these bones were very rarely 
found in collections, for they were 
usually decomposed and split aud 
warped. In the enormous extent of 
sub-Alpine country in the South 
Island, which was covered by only 
a light vegetation, large quantities 
of w’dl-preserved moa remains had 
been recently found, associated with 
remains of natives. It appeared 
that the natives had pressed up the 
country for the purpose of capturing, 
killing, and eating the moas ; and 
as the natives could not follow them 
through the sharp bayonet-grass and 
other iinderscrub, they seemed to 
have got at them by setting portions 
of it on lire, which collected the 
animals together, often killed them, 
and accounted for so many of their 
bones being accumulated in parti- 
cular spots. The second chief mode 
of occurrence of moa bones was in 
the turbary deposits and desiccated 
swamps, occurring in almost all the 


valleys leading to the east coast* 
One notable deposit was at Glen- 
mark, vv here tlie remains of a terrace 
at a liighcr level had been cut 
through by tlie stream, leaving a 
large turl)ary deposit on tho 
shoulders of the liill on hotli sides. 
Here were found a great number of 
moa bones, without any associated 
Maori implements. They occurred 
mixed together, and above, below, 
and among great accumulations of 
drift-wood, which were ten or twelve 
feet deep over many acres. Tho 
l)oncs dug out of that dep.)sit indi- 
cated at least 1,700 individuals, 
which liad either been carried down 
and smothered in Hoods or which 
had died naturally aud been carried 
down by the water. Similar deposits 
occurred in caves, and in turbary 
deposits on the coast, wliich were 
cx] > 080(1 below high-water mark, 
showing that tliero had l)ccn com- 
paratively modern submersion. 
There seemed to have been an unin- 
terrupted submergence of New Zea- 
land since tlie time when the moas 
were iirst developed in such largo 
numbers ; and there had Vieeu no 
considerable rc-cmorgouceof tho laud 
since then. Another mode of occur- 
rence of moa bones was wherever 
the country was favourable for Maori 
camps, on the sheltered grassy plots 
and links, or among the sand-hills 
near. They were associated with 
their cooking-hollows, aud with 
stone implements, which, however 
Neolithic in aspect, wore similar to 
those used now by Maoris. It had 
been said that the oldest moa re- 
mains were those associated with 
the ancient moraines of tho upper 
valleys, but these were the great 
natural roads up which it was very 
likely that some moas would travel 
and leave their remains there. In 
caves the moa bones were found 
resting on the stalactitic shelves, 
perhaps cemented by a little esar- 
bonate of lime. They were hardly 
ever found on the lower surfaces of 



NATURAL HISTORY— ORNITHOLOGY. 


183 


the caves ; and he believed they had 
mostly gained access to the caves l)y 
falling through the ujjper chasms. 
He had evidence that sheep in 
modern days fell through in the 
same way, and their bones were 
found similarly situated in the caves. 
The earliest traces of the inoas that 
had been found were footprints at 
Poverty Bay, occurring in a soft 
pumice sandstone, within six or 
eight inches of the upper surface. 
Many blocks had been procured with 
these undoubted footprints. The 
lower surface of each depression was 
formed of very tine micaceous sand, 
but it was Idled up with much 
coarser green quartzoso sand. After 
the birds had passed, the impression 
had been liUed up by blown sand. 

The Moa. — In the Greijimmth 
WeeUy Ary as. New Zealand, lately 
appeared a letter signed, “Jl. K. M. 
Sinythe, Browning’s Pass, Otago,” 
describing, in a very detailed man- 
ner, the capture of two living moas 
{Dlnornis (jiyantai), a female, eight 
feet high, and a young one three feet 
shorter. The writer finishes his 
account of their capture by re- 
marking that ho has little doubt 
that ho will be able to bring them 
botii alive to Christchurch. Though 
it is extremely improbable that the 
genus Binoruis is not extinct, never- 
theless there is quite a possibility 
that living rej)resentatives still sur- 
vive. We possess feathers which 
are in a state of preservation suffi- 
ciently good for Mr. Dallas to deter- 
mine that, like those of the eassowarv 
aud emu, they possessed an aftershaft 
of a largo size ; and at the same time 
tradition, and the condition in which 
the bones are found, retaining much 
of their animal matter, tend to show 
how lately the bird formed part of 
the existing fauna of the country. 
If the letter is genuine, it cannot be 
long before ornithologists, of whom 
there are several of no mean repute 
in New Zealand, will be able to 
satisfy themselves on the subject. 


It is .well known that the casso- 
waries are inhabitants of the Austro- 
Malay archipelago. New Guinea 
being the head-quarters of the 
genus. There is one species, how- 
ever, which inhabits Australia, a 
living specimen of w^hich has, for the 
first time, reached the gardens of the 
Zoological Society. — Athvnaaim. 

The Moas oi New Zealand. — 
(Nature ). — Kumoiirs have reached 
us from New Zealand to tlie effect 
that two living specimens of the 
colossal struthious birds, the moas, 
have been captured in the province 
of Otago. That the genus Dinoi’iiis, 
to which they belong, has been ex- 
tinct for some time is the general 
impression ; nevertheless, there are 
many reasons for the belief that it 
is not long since individuals of that 
ostrich -like group pc.'opled parts of 
New Zealand. In 1870 Dr. Hiiast 
discovered kitchen-middens made uj) 
of fragments of moas of dillerent 
species, mixed up witli bones of 
soils, dogs, and gulls, together with 
pieces of chalcedony, agate, &c., 
which evidently indicate that tiieai^ 
gigantic birds were contemporaneous 
with the ancient human inhalhtants 
of the islands. A Iniman skeleton 
having been found with a Diuornis 
egg between its arms is also evidence 
in the same direction, as is the 
recent discovery of the neck of one 
of these birds with the muscles and 
integuments preserved. 

Several portions of the external 
covering of the bird have also been 
discovered, along with bones, which 
show signs of recent interment. 
Beside fcatliers, the complete skele- 
ton in the museum at York has tlie 
integument of the feet partly pre- 
served, from which it is evident 
that the toes were eovered with 
Duilfierous small hexagonal scales. 
A specimen was sent by Dr. Haast 
to Vrof. Alphonse Milne-Ed wards, 
which is to l»o seen in the Museum 
of Natural History at Paris. This 
specimen was obtained at Knobly 
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Ran^e, Otago, and belongs to the 
species Dinornis ingens. Tlie tarsus, 
as well as the toes, were nearly 
entirely covered with small horny 
imbricate scales. Likewise the hind 
too, or hallux, which is not present 
in either the ostrich, rea, emu, 
cassowary, nor in some species of 
moas, was articulated to the ineta- 
taraal segment of the limb a little 
above the level of the otlier toes. 
Those species of Dinornis which 
possess the hind toe, Prof. Owen 
includes in tlu^ genus Palapteryx. 

Amongst the struthious birds, the 
moas agree most with the Apteryx, 
in the presence {occasionally) of a 
fourth toe ; and in their geographical 
distribution. They resemble the 
cassowaries and the emus most in the 
structure of their feathers ; and in 
the structure of the skull dillcr 
from all to an extent w’hieh has 
made JTof, Huxley arrange them as 
a separate family of the llatitA*.’ A 
knowdedge of the anatomy of their 
perishable parts would be an in- 
valuable assistance in the deter- 
mination of their true atllnities, but 
it is almost too mneb to hope tliat 
the material for such an investigation 
will ever present itself. 

Great Auk. A month or so .ago, 
it was (fuite true that, as stated by 
Prof. ISewtou, nine skeletons, toge- 
ther wdtli boucs from .about forty 
other individuals, were tlie only 
osteological remains of the great 
auk (A/m hnpennis). Through the 
energetic zeal of this ornithologist a 
Specimen was brought to this country 
from a small island near the north- 
west coast of Newfoundland, which 
goes by the euphonious name of 
“the Funks.” This island at one 
time possessed a rich surface soil, 
rich in organic debris, which lias 
been removed for mercantile piir- 
oses. From this the imperfect and 
ried gare-fowl above mentioneii was 
obtained in 180 ^ 1 , four feet below the 
surface, and under two feet of icje. 
It was thought that the guano bed 


was exhausted, but quite recently a 
fresh deposit has been discovered, 
rich in the remains of the great auk. 
Portions of the skeletons of about 
fifty individuals have been obtained, 
and are now in this country. There 
is no perfect specimen, but sets of 
bones sufficient to build up several 
complete skeletons. The remains 
have evidently been mucli exposed 
to the weather and to changes of 
temperature, being mostly in an 
inq)erfeet condition. They, never- 
theless, will add greatly to our 
knowledge of the interesting species, 
so recently extinct, from which they 
are dcrive<l. 

The Night- Jar. —H. F. Dresser 
{Jiirds of Knrop<‘). — This V)ird 
feeds on motlis, beetles, and insects 
of various kinds, most frccpieutly 
ctapturing its prey on the wing, its 
cnpacioiis ga]>e forming an excellent 
moth or beet](^ tra]). 'JMiat it eats 
catcrjjiUars is also certain : but it 
feeds more especially on the larger 
insects, such as may -bugs, dung- 
I>eetles, large iiiglit-tlyiug motJis, 
especially the sphinx moth, and 
various species of nocturnal insects, 
ft is a very greedy feeder, and in the 
autumn is often very fat. ^Phe night- 
jar is often to be met with where 
cattle have been feeding or where 
tluiy are stalled, or in the immediate 
vicinity of outlying folds ; and hence 
the popular delusion that it sucks 
the goats ; and from this belief has 
arisen the (ioiumoii apj)ellation of 
go.at-sueker. 

This specie's has the olav^ of the 
middle too furnished on the side 
with pectinations forming a sort of 
closc-toothed tiomb ; and the nst', 
made of this peculiar appendage lias 
puzzled naturalists not a little. 
Some observers contend that it is 
used to clean the bristles at the base 
of the bill from the fragments of 
wings of insects which may adhere 
to them ; but this cannot well be 
the case, as these bristles are large, 
strong, and placed at some distance 
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apart, whereas the teeth of the claw 
are thin and very close. Others 
think that as the bird invariably 
perches along a branch in a direction 
parallel with it, and never across 
the bough like almost all other ])irdg, 
this pectinated claw may assist it in 
keeping its perch more 1 irmly than 
it otherwise would do. Other natu- 
ralists, again, contend that it is 
used to hold largo insects with 
greater security ; but it appears 
that the night- jar almost invariably 
takes its prey with the mouth and 
not with the foot ; and consctpiently 
this supposition falls to the ground. 
An anonymous writc^r suggests that 
the comb-like structure of the claw 
may be used for disengaging the 
hooked feet of beetles from tlie 
bill, to enable the bird to swallow 
them ; and this may possibly be tlie 
case, as the serrations are well cal- 
culated to catch tlui polished liujbs 
of beetles. Anyone who has at- 
tempted to coniine .Ofjtisci or >SVv/- 
rabud in a collecting-box, must be 
aware of the dilhculty in getting 
their feet fi’ec from the edge, to 
which they hold with the greatc^st 
pertinacity, one foot being no sooner 
pushed in than auotlier is portruded. 

Gilbert White (of Selborne) states 
that he has distiiudly seen the night- 
jar raise its foot to its mouth wdiilc 
hawking for insects on thii wing. 

Migration of Birds.— W. W. 
Kiddle — In crossingtJic At- 

lantic last September, when liOO miles 
distant from tin; luxirest point of New- 
foundland, two land birds settled 
on the sliip, and after a short rest 
resumed their flight to the south- 
east, without partaking of the food 
which was scattered in various places 
for them. By the colour of their 
plumage and motion on the wing, 1 
believe them to be a si)ecies of lark. 
It may well be asked whence did 
they come, and whither were they 
going over that vast space of ocean, 
with uo resting place nearer the 
continent than the Az^ores ? How 


wore they fed during their long 
I journey, and what guided them on 
I their course? for it is only reason- 
able to suppose they had come on a 
bee line from their starting point, 
and even then their muscular powers 
must have been severely taxed. It 
appears to me that naturalists are 
not in possession of the secret which 
enables birds of passage to go many 
days without food at a time when 
their system must be straine<l to its 
extreme limit of endurance. 

From the result of close observa- 
tion, 1 do not believe that land 
birds arc often, if ever, driven to 
sea by the force of the wind. Some 
otiicr cause must iuilucnce their 
movOTueuts. At the head of the 
Gulf of Bothnia, wlicu there has 
not been a storm for many days, 1 
have seen scores of dilTercut species 
around the ship, amongst them the 
luiwk, the owl, the robin, and matiy 
others. A»e those who alight and 
stay l)y the slii]) tlie stragglers from 
tlic ranks of tlio armic^s which an- 
nually migrate, tlie sick and worn 
wlio fall out by the roadside to die, 
wliose end in creation has been ful- 
Hllcd, and their places ready to be 
taken by the young and strong ? 
This surmise is strengthened by the 
fact that no care can ])rcserve the 
lives of these tired birds in ca])- 
tivity ; the hawk and dove alike 
refiisti foojl, and (jiiickly pine and 
die. 

Birds must jwssess strong affec- 
tions, as they are always seen iu 
pairs on these long journeys, whicli 
is an additional argument in favour 
of their voluntary flight over the 
ocean. It is scarcely possible they 
could remain togetluir iu a gale 
sulliciently pow(jrful to Idow tliem 
off the land, and more unreasonable 
stilt to imagine that the strength 
which is <‘il>le to carry tlicm hundreds 
of miles without a rest should fail 
to breast an ordinary gale under the 
shelter of the land. Such facts as 
these vouch for the facility with 
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which the most remote islands may- 
increase the number of their species 
■without the agency of man. 

Carrier Pigeons. — {Nature ). — 
When his Majesty of Spain was near- 
ing Barcelona, a Spanish steamer 
was sent to meet Loh Navos on the 
high seas, and succeeded in doing 
BO at the distance of 150 miles from 
the seaport. Carrier pigeons were 
then liberated so as to announce in 
Barcelona the happy coming of Bon 
Alphonso XII. Tlie experiment ap- 
pears to have been successful. It is 
said that carrier pigeons were in 
use among the old Koman navigators 
in the time of the Cajsars' The 
practice was discontinued for cen- 
turies, and the question has been 
asked by some French papers 
whether it is desirable to revive it 
for Transatlantic steamers. 

Colouring Matter of the 
Shells of Birds’ - Eggs as 
studied by the Spectrum Me- 
thod. — H. 0. 8orby (Zoological 
Society). — The author considers that 
all the different tints are due to a 
variable mixture of seven well- 
marked colouring matters. Hitherto 
the greater part of these had not 
been found elsewhere. The princi- 
pal red colouring matter was con- 
nected with the hicmoglobin of blood, 
and the two blue colouring matters 
were probably related to bile pig- 
ments ; but in both cases it was 
only a chemical and physical rela- 
tionship, and the individual sub- 
stances were quite distinct, and it 
seemed as though they were special 
secretions. There appeared to be 
no simple connexion between the pro- 
duction of these various egg pigments 
and the general organization of the 
birds, unless it were in the case of 
the tinamous, in the shells of the 
eggs of many species of which occurs 
an orange-red substance not met 
with in any other eggs, unless it 
were in those of some species of 
cassowary. 

Instinct and Reajaon.— James 


Hutchings {Nature). — During the 
spring of this year a pair of black- 
birds built a nest on the top of my 
garden wall. When the young birds 
were about three parts Hedged one 
of them left the nest and fell into 
the Mower garden. My cat (seven 
years old, and which has killed 
scores of small birds) immediately 
found it, and at the same time a 
kitten began to pay rather rude 
attentions to the young blackbird, 
and would have used it as kittens 
are wont, but the old cat would not 
suffer her to touch it. The cause of 
this was that the old cock blackbird, 
being aware of the peril of its young, 
made a great noise and kept Hying 
here and there around the scene of 
action, crying and scolding wdth 
might and main. It then became 
evident to me that the cat had two 
or three objects in view, and a pur- 
pose to gain. Firstly, not to allow 
the kitten to touch, or kill, or make 
off with the young bird. Secondly, 
to use the young bird as a decoy to 
entrap the old one. Thirdly, to 
make the young bird cry sufticiently 
from fear or pain to induce the 
parent’s affection to overcome its 
discretion. 

During the manonivres old Tom 
; repeatedly made unsuccessful springs 
to catch the cock-bird, alternately 
running to give the kitten a lesson 
of patience, or self-denial, or impose 
a fear of punishment. The young 
bird repeatedly hopped out of sight 
amongst the Howers and stinted its 
cries ; then anon the cat touched it 
again and made it flutter about and 
cry again, which from time to time 
brouglit the old bird down with 
cries of terror, or wrath, or a 
blending of both emotions, and 
almost into the very mouth of the 
cat. It became evident to me that 
the cat was using the young bird as 
a decoy to catch the old one. After 
I had watched some ten or fifteen 
minutes, it became too painful for 
me to witness, so I caught the young 
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bird and put it again into its nest, 
which was about ten feet from the 
ground. 

Walruses and True Seals. — 

J. W. Clark (Zoological Society). — 
The external features which distin- 
guish the seals from the se*a-lions is 
that seals have no external ear, the 
fore limbs are more enclosed in the 
body, the hands arc not used for 
being applied to the ground, and the 
lingers have nails, which the sea- 
lions have not. These distinctions 
can be seen in the “seal-pond” in the 
Society’s gardens, where there are 
both sea-lious and seals. In walking 
on land the seals move by a succes- 
sion of bumps somewhat slowly, 
while a sea-lion can run as fast as a 
man, though in somewhat an un- 
gainly way. Again the seal lias tiie 
lirst and liftli digit the longest, while 
iu the sea-lion the “ thumb ” is the 
longest. The seal has a broad short 
head, with a barrel-shaped body. 
The hind limbs act as a kind of 
screw propeller, which steer the ani- 
mal with such exactness that it can 
pass tiirongh narrow apertures with 
unerring precision. The w^alrus 
occupies an intermediate position 
between the two other groups, and 
with its bull-shai^ed neck and two 
tusks, can never be mistaken. 
Animal preservers usually try to 
eradicate the wrinkles in stuffing, 
but this is w'rong, as the skin is 
very loose and puckered. The feet 
are on the same plan as the sea- 
lion’s, and there is the same absence 
of nails. There are no external' 
ears, there are no eyelashes, and 
the eyes are deeply set. The 
average length of the tusks may be 
taken at 26 inches. The walrus is 
omniverous, and feeds largely on 
sea-weeds. When the walrus essays 
climbing on to an ice floe it throws 
one-third of its body out of the 
water by a rapid movement of its 
hind limbs, seizes the ice by its 
tusks, and pulls itself up. The 
young are suckled for two ycaors. 


There has been so reckless a slaughter 
of W’alrnses that they are rapidly 
(lisappcaring. At Hear Island there 
used to be large numbers of walruses, 
and w'e have an account of 900 
being butchered at once by rapa- 
cious hunters who, however, were 
unable to ship more than a part of 
the carcases, and from 600 to 700 
had to be left, and were eventually 
lost. In Spitzl)ergen as many as 
1,000 a year are killed. Every part 
of the animal is of value for one 
purpose or another. The principal 
hunting-grounds arc Spitzbergon, 
Nova Zembla, (Greenland, Hudson’s 
bay. Baring Straits, and the Pribyov 
Islands. 

The range of seals is, in the 
northern hemisphere, on the west 
coast of North America northwards 
from California ; around Greenland, 
and fiorn tlicre down part of the 
east coast of Nortli America ; at 
Spitzhergen, all around Great Bri- 
tain, in the Mediterranean, and the 
inland seas of Bussia ; the sea along 
tlie north coast of Europe, along 
eastwards, and round down the 
coast of Asia, nearly to Japan. 
They are also met with on the coast 
of Africa about Senegal. In the 
southern hemisphere they occur 
around the Horn, along the Antar- 
tic barrier, and iu some of the 
islands of the South Sea. 

Seals are, uqless molested, quiet, 
inotiensive animals, and sleej) much. 
They can ascend fresh- water rivers, 
and iu the Thames liave been met 
with at Putney. Their food is prin- 
cii)ally crustaceans. The principal 
hunting-ground is San Tau Mayen. 
The oil is worth £50 a ton, and the 
total value of a year’s hunting is 
about £250,000. Some 60 ships are 
annually engaged ip the hunting, 
of''w}iich 20 belong to England. 
Unless some international arrange- 
ments are soon made for a close 
time for the hunting, or “seal- 
fishing,” as it is commonly called, 
we shall soon extirpate the whole 
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race of seals. It is urgently im- 
portant that our Government should 
take decisive steps in tlic matter; 

The Manatee at the Zoo- 
logical Gardens (since dead). — 
The manatees — of •whicli there are 
two well-defined species, one found 
in and at tlie mouths of the rivers 
on the eastern coast of intertropical 
America, and the otiier on the sliores 
of Western and Southern [Africa - 
are large-si/ed somewhat seal-like 
herbivorous animals, sometimes 
reaching J 7 feet in lengtii, diHering 
from the seals and resembling tiie 
whales in not having any indications 
of hinder extremities, at the same 
time that the caudal portion of tlie 
body is expanded into a hhrizoutally- 
hattened tail, lu them the contour 
of the face is peculiar, tlie w]iiskere<l 
snout being much llatteiied, like a 
pointed cone witl) a considerabh^ 
2>ortion of the end cut olf ti*ans- 
versely. Tlie lai'ge nostrils are situ- 
ated witiiin a shoi’t distance of mm 
another, at the u])])er portion of tlie 
truncate edge ; they are closed hy 
valves during the time that the 
animal is sidmierged. Tlie eyes are 
peculiarly small and inconspicuous. 
The external ears arc wanting. The 
mouth is small, without front teeth, 
and is ^daced low down, the ga])C 
being close to the anterior cud of the 
animal. The neck, from its cxti’eine 
shortness, can scarcely lie said to 
exist as such. 

Neglecting the tail, the bo<ly, 
which is very sparsely covered with 
liair, has the shajm of a much elongate 
barrel, slightly flattened above and 
below. The skin is very like that 
of the hii)i>02^otamus. Far forward, 
just behind the head, the two forc- 
lirnbs ^irojcct laterally from below. 
The elbow is conspicuous, though 
placed not far from the side, and the 
fore-arm, together with the hand, 
form a flat oval flapper devoid of 
any indications of fhagors, except 
that at the extreme edge rndi- 
luentary nails are developed. These 


arms are used by the animals as 
clas2>ers, which can be flexed over 
the chest ; emjdoyed as locomotor 
organs at the bottom of the water, 
or made to assist in the jirehension 
of food. In the female the mammm 
are pectoral, and the consequent 
general configuration has j^robably 
led to the fabulous descriptions of 
the existence of “mermaids.” 

In .sbajie the tail is unlikii that of 
any other animal, being spatulatc. 
It most resemldes that of tlje beaver, 
but is a direct continuation back- 
wards of the body, and is covered 
with an immodilied skin. As in the 
whales and beavers, the vertebral 
eolnmn forms a bony axis of suiqjort 
for tbo flattened muscular aiidlibrous 
exjiausiou covered with thick cuticle, 
which forms the jirojielling me- 
chanism. 

The skeleton is of an extremely 
dense textui'e and very massive ; 
the skull and ril)s more resembling 
ivory than bone. In the number of 
the vertebra! wiiicli form the ueek 
there is also a 2)eculiarity, not shared 
even l)y its ally, tJie dugong. In all 
m.aniimilia there are seven cervical 
vertebra', in the manatee there are, 
however, only six. The ribs aro 
dense and broad. 

The half -grown female manatee 
lately in the Zoological Society’s 
Gardens, is tlie first living siiccimen 
which has been seen in tins country. 
It came from the coast of Demerara, 
and was tlirec weeks on the journey, 
during which time it was in a big 
swinging tank constructed to hold it. 

Its movements were much less 
active than those of the seals, and 

food it took vegetable marrow' and 
lettuce ill preference to anything 
qIsc.— Nature. 

Fish in the Mammoth Cave. 
— P. W. rutnam, U.S., Geological 
Survey. — Mr. Putnam passed ten 
days in the cave, and by various 
contrivances succeeded in obtaining 
large collections. He was jiarticu- 
larly fortunate in catching live spe 
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cimcns of fish of which only one 
small individual had heretofore been 
known, and that was obtained 
several years ago from a well in 
Lebanon, Tennessee. Tliis hsh, 
which Mr. Tutnam had previously 
described from the Lebanon speci- 
men under the name of Ckolo(j<vsU'r 
(jfdssizli, is very different in its 
habits from the blind tislies of the 
cave and other subterranean streams, 
and is of a dark colour. It Jives 
principally on the bottom, and is 
exceedingly quick in its motions. 
It belongs to the same family as tlie 
two species of blind fishes found in 
the cave. He also obtained live 
specimens of four sx^ccies of (iKl>es 
tliat were in eveiy resxject identical 
with those of the (Irecn River, 
showing tliat the river lish do at 
times enter tlie dark waters of tlie 
cave, and when once there axq>ar- 
eutly thrive as well as the regular 
inhabitants. A large number of 

the white blind fishes were also 
Ijrociired from the Mammotli (Jave 
and from other subterranean 

streams. In one stnjam the Idind 
lishes were found in such a j>08ition 
as to show that they could go into 
daylight if they chose, whih; tlie 
fiictof linding the f in the 

waters of the Manunolh ( -avc, wlicre 
all is utter darkness, shows that 
animals with'eyes flourish there, and 
is another jiroof that colour is not 
dcxieudciit on light. Mj'. rntiiani 
found the same array of facts in 
regard to the crayfish of the cave, 
one species being white and blind, 
while another s])ecies had large 
black eyes, and was of various 
shades of a brown colour. A 
nnmbcr of living specimens of all 
the abovc-mentioiKMl inlialhtants of 
the waters of the cave were siie- 
etjssfully brought to Massaciuisctts 
after having been kc[)t in daylight 
for several weeks, priwing that a, 11 
the blind cave animals do not die 
on being exposed to light, as has 
been stated. 


Aldabra Tortoises (in the Zoo- 
logical Hardens). — A Haultier {Na~ 
turv). — Both these tortoises are na- 
tives of Aldabra, tliough not of the 
same breed. The larger, the male, 
has been in the Seychelles for about 
seventy years ; its last X3roj)rietor, 
M. Deny Calais, kept it witli the 
female in a scmi-domesticatcd state 
on Cerf Island. His wciglit is about 
800 lbs. ; the lengtli of the shell is 
5 ft. 5 in. (in a straight line), the 
width, 5 ft. 0 in. ; circumference of 
the shell, 8 ft. 1 in. ; eircumferenco 
of fore leg, 1 ft. 11 in., and of hind 
leg, 1 ft. G in. ; length of head and 
and neck, 1 ft. 0 in. ; width of head, 
G in. The female is much smaller, 
and there is no certainty as regards 
the time slie was broiiglit to the 
Seyehclles. Tlie length of her shell 
is .S ft. 4 in. ; the width, ri ft. 10 in.; 
the circumference, 5 ft. 4 in. She 
lays tliricc every year, in the months 
of d uly, August, and Sex)tember, 
oacii time from bficen to twenty 
round hard -si idled eggs. 

Every one who sees these two 
tortoises side by side is at once 
struck by tbo great dilferencc in 
form and senlx>ture of the shell. 
Thai of tlie male is remarkably high, 
with a rounded outline, eaeli xilato 
being raised into a bummoek, and 
ileeply scul])tured witli tjoneentric 
furrows along tlie margins. The 
t’eniale, on tiie other hand, has a 
})erfoclly smooth shell vvitJi an oval 
outline, Avitlioiit eitlier furrows or 
raised j)ortionH. The shell of the 
male is brownish, tJjat of the female 
black. The male has also a com- 
]iarativoly longer neck and tail than 
the female. It is (piite possible that 
these; an; sexual dillcixaiccs, the 
males being known to grow to a 
mndi larg<;r size than tlie females, 
lint as AMabra consists of three 
islands, separateel by channels of tlie 
sea whicli are impassable barriers to 
animals which may float but cannot 
swim, it may be presumed that the 
two animals come from distinct 
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islands, each island of the group be- 
ing inhabited by a distinct rac'#, as 
in the Galapagos. 

The male shows himself to be an- 
noyed when the female is disturbed, 
and there is no doubt that he 
exliibita affection for her, as was 
especially evident on board the 
steamer, when he tried to break out 
of his cage as soon as he got sight 
of the female, who was transported 
in a separate cage. The circum- 
stance that the two animals are a 
pair, increases the chances in favour 
of their being kept ulive for a 
lengthened period. And they will 
be well worth all the care we can 
bestow on them, as it is extremely 
doubtful whether we shall ever 
succeed again in obtaining a pair of 
full-grown examples. The male is 
without doubt 'the largest and most 
powerful individual of its race, far 
exceeding in size any of the few other 
individuals kept in the Seychelles. 
Nor is it likely that in Aldabra itself 
a similarly large example should 
have succeeded in evading the search 
of the numerous crews which have 
landed there. 

The Tock-tay, or Large 
House Lizard of Eastern Ben- 
gal. — This noisy but harmless ani- 
mal generally liuds a lodgment in 
the bamboo and mat houses of the 
district that are anywhere near the 
jungle. It is also fond of living in 
hollow trees, which mve great reso- 
nance to its loud and strongly stac- 
catoed cry of “tock-tay.” It is of 
a green tint, mottled over with red 
spots, and suckered feet like its 
smaller congener, the tick-tickcc, 
enable it to run under beams and 
bamboos. Its cry is, however, very 
different from the gentle “tick- 
tick” of the small lizard, being 
sufficient at night to awake the 
soundest sleeper. He begins with a 
loud rattle as if to call attention ; 
this is followed by another and more 
imperative rattle, and, when every- 
body may be supposed to be listen- 


ing, he strikes in deliberately with 
“ tock-tay ” — a moan — “tock-tay ” 
another moan — “tock-tay” — a last 
and final moan, with which ho winds 
up, not to be heard again for an 
interval. 

In the way of edibles he is fond 
of a good crust, and the common 
dung beetle frequently furnishes 
him with a pteeg de rdsisf ance. That 
insensate insect becomes an easy 
prey, owing to his heedless rattle- 
diim-clash -ways ; he is the great 
extinguisher of lights in native 
houses, and Europeans are also 
familiar with liis strong sustained 
drone, varied by intervals of silence 
when he has dashed against some 
rafter or projection, or given himself 
a heavy fall ; but he is not to be 
discouraged, and is soon up and 
droning about as dismally a ever. 

The drone, however, is sometimes 
suddenly quenched without the con- 
sequent thump on the floor, and 
when this is followed by a crunching 
sound overhead one may safely infer 
that it is tock-tay wko has been 
lying in wait for him, and has 
snajipcd up his prey. 

These lizards may easily be caught 
during the day by slipjiing a noose 
over their necks while they are 
asleep in an exposed position; and 
when so caught they snarl, growl, 
and snap at their captor in a very 
ferocious way. I have not heard, 
however, that they arc venomous.— 
C. B., Nature. 

Congo Snake {Mnramopsis fri- 
dactyla ). — Savillc Kent (Nature ). — 
This singular eel or snake-like ani- 
mal (from tlio neighbourhood of New 
Orleans, now in the Manchester 
Aquarium) belongs to the true am- 
phibia. It differs from the ordinary 
eel in possessing uo fins, small bead- 
like eyes, a mere puncture iu placo 
of the ordinary gill -operculum, 
though more especially in having 
stationed at each extremity of the 
attenuated body a pair of fecblo 
little legs, each leg being furnished 
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with three slender toes. These legs, 
though almost rudimentary, are used 
by the animal, and with more 
marked effect than might be pre- 
supposed, when crawling over the 
ground at the bottom of its tank. 
Itising into the midst of the water, it 
can swim with great rapidity, i^ro- 
grcssing by rapid undulations of its 
body from side to side, after the 
manner of a true snake. Thu length 
of this specimen is about two feet 
six inches ; greatest diameter in the 
centre of the body, one inch and a 
half, tapering off into an attenuate 
tail. The colour closely resembles 
that of an ordinary cel. Along the 
lateral line is a double row of minute 
punctures, the orifices, no doubt, of 
mucous glands similar to those ob- 
taining in true fishes. The animal 
lias to repair to the surface of the 
W’ater to breathe, but this is at dis- 
tant intervals, a large cpiantity of 
air being drawn through the nostrils 
into the lung-pouch by a singular 
iullatiou of the throat, repeated 
several times iu succession. Wlien 
taking in its supply of air iu shallow 
water, it’ docs not altogether leave 
the ground, but raises itself in a 
semi-ereet position until the head 
touches the surface. With the head 
just an inch or two below the sur- 
face, and standing, as it were, upon 
its posterior legs, with the anterior 
pair held out helplessly in the water, 
is a very favourite attitude with this 
creature. In its native swamps the 
Congo Snake is reputed by the 
black populatiou to be highly ve- 
nomous, an injustice to the poor 
creature as groat as that done 
by our own benighted countrymen 
to the harmless newt or triton of 
English ponds and streams, and of 
which it is merely a higlily interesting 
and most extraordinary exotic type. 

The Thresher {SqiKfhis vulpe- 
cula), — W. W. Kiddle {Nature ). — 
'Off Youghal a gigantic thresher was 
passed. It was leaping lazily and 
obliquely from the w^ater, and after 


attaining its highest altitude, fell 
heavily on the surface, without 
making any effort to ease or guide 
its descent. This fish was not under 
fourteen feet in length ; the belly of 
a pearly wdiiteness, and the back 
marked across wfith broad black 
bands. I have never seen this fish 
north before ; but on the whaling 
grounds of the southern seas it is 
common. I do not believe it is 
dangerous to the life of the whale, 
as is often stated, but am under the 
impression that the irritation caused 
by the attacks of the thresher makes 
the animal vomit up the s(piid and 
other small matter on which it feeds. 
It is not reasonable to suppose that 
the blows inliicted by so small an 
instrument as the thresher’s tail can 
have much effect through a foot of 
blubber. The whale has also many 
ways of cscapiug from its puny 
enemy ; ho dives to a depth wkore 
the thresher cannot follow*, and if he 
could, liis power of iiiliictiug injury 
would be gone, ow’ing to the resist- 
ance caused by the water ; his speed 
also enables him to escape at all 
times. The treaty of offence which 
is said to exist between the thresher 
and sword-fish appears to me to bo 
very mytbical. When the whale is 
sick or dying, he is doubtless an 
object of attack to all the shark 
species, as tlicy wage w^ar with the 
whaler for the coveted blubber. 

Marine Silk. — 11. L, Simmonds 
( Wa.'itc Prodaetii ). — Among the many 
novelties wdxicb industry obtains 
from the ocean, one of the most 
curious is the textile fabrics which 
arc made with the byssiis of the 
pinme of the Mediterranean— the 
gin shells or seawings, as they are 
called. Tlie shells, w^hich are in 
general very fragile, resemble in 
form those of the larger species of 
m^issels. This mollusc, like most 
of its order, has the power of spin- 
ning a viscid silk, but not in the 
same luaiincr, nor for the same end 
as the caterpillars. The latter 
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seeking for protection during a cer- 
tain stage of life only, have organs 
which, during the rest of their 
existence, are preparing for the end ; 
hut the pinna has constant use for 
this production, which, although 
like silk, a secretion of certain organs 
within its body, acts as an anchor, 
a log, or a hand, as may be rccpiired. 

Tne operation of the worm may 
truly be called si)inning, but that of 
the mollusc is rather like the work 
of a wire -drawer, the substance l)eiug 
first cast in a mould, formed by a 
kind of slit in the tongue, and then 
drawn out as may be required. Its 
mechanism is very curious. A con- 
siderable number of Invalves possess 
what is called a byssus, that is, a 
bundle of more or loss delicate fila- 
ments issuing from tbc base of the 
foot, and by means of which the 
animal fastens itself to foreign bodies. 
It Employs the foot to guide the 
filaments to tbeir proper place, and 
to glue them there ; and it can re- 
IJroducc them when they are cut 
away. Tlic pinna, possesses a ma- 
chine as incontestably mechanical 
as that of a wire-drawer’s mill, ft 
is provided with an extensile mem- 
ber like a finger, and this contains a 
glue which the animal )>rotrudcs at 
pleasure l)y means of ;i variety of 
minute pei^orations in the lip. This 
glue or gum, liaving passed through 
these apertures, becomes threads of 
almost irnpcrceptil)lc iineness ; and 
these, when joined, compose the silk 
so much admired by the Sicilians. 
This byssus forms au important 
article of commerce, for which ])\ir- 
j)ose considerable numbers of jnnn.'c 
are annually iisbed up in the Medi- 
terranean, from tin; depth of 20 to 
dO feet. An instrument called a 
“ pcronico” is u.sed for this ]»nrpose ; 
it is a kind of iron fork, with j)cr- 
pendiciilar ])rongs, N ft, in length, 
each of them about 0 in. apart, the 
length of the handle being in pro- 
portion to the depth of the water; 
for, notwithstanding the extreme 


delicacy of the individual threads, 
they form such a compact tuft, that 
considerable strength is necessary in 
separating the shells from the rocks 
to which they adhere. The tuft of 
silk is then broken off and washed 
with soap and water. It is then 
dried in the shade, straightened 
with a large comb, the root cut off, 
and the remainder carded. J>y these 
means a pound of coarse iilaments 
is rcduce(l to about three ounces of 
line threads. 

This is fabricated into various 
arti(;les of wearing apparel, such as 
shawls, stockings, caps, gloves, pur- 
ses, and waistcoats. The wch is of 
aheantiful ytdlow brown, resembling 
the burnished gold bne which adorns 
the liacks of some splendid flies and 
})eetles. A considerable manufac- 
tory is established at Palermo. 

The Colerado Beetle {Dory- 
phora dean nil naata). — l>r. Kaleiider 
{Kohiisckc Za'dnmj ). — It api)ears that 
the insect passes the winter in the 
ground, hut as soon as the jiotato 
plants have d(iV(;l(qicd their first 
shoots thii beetle shows itself. The 
females then dc[)osit tlioir oraiigc- 
colourcd ova, in lumps of ten to 
twelve, upon the under suiface.s of 
the leaves ; the larvm appear after 
five to eight days, and l)ogiii their 
destructive work, which lasts two 
or tince weeks, after wliicli ])crioil 
they transform into nym])li:c; ten 
to fourteen days later the young 
hectics appear; thus one summer 
can set; three or four generations, of 
which the last one passes the winter 
in the ground. The insect docs not 
confine its devastations to the potato 
only, hut has also been found to 
attack the young shoots and leaves 
of ( 'irsiumlanccolatuTn, Amaranthns 
rotrollcxiis, Lisymhriuni oflicinalc, 
Polygonum hydropiper, Solanum 
nigrum, ( beiiopodium hy!>ri(lnm 
and album, and even of Hyofe- 
cyamus niger. This variety of 
plants shows that the insect has 
great powers of adapting itself to 
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its food, and to this it miist be 
ascribed that it can only with the 
rcatest difficulty be got rid of. The 
ome of the insect was in the Rocky 
Mountains, U. 8. ; with tlie west- 
ward progress of agriculture the 
cultivation of the potato approached 
the birthplace of the insect, aud it 
transferred its dwelling to the 
potato fields, which of course w^ere 
welcome food ; thus in a short time 
it became a general plague. In 
1850 it began its eastward progress, 
aud has now reached the coast of 
the Atlantic ; whether it will cross 
this ocean and begin its devastations 
in Ireland remains to be seen ; much 
may, however, be done to prevent 
its appearance in Europe. Odie 
means used for its destruction are 
various ; the most successful one 
has been tlie so-called 8chwcinfiirt 
green (arseno-acetate of copper). 
This is mixed witli flour aud w’atcr, 
and the ])lauts are si>rinklcd with 
the mixture. Although highly 
poisonous to animal life, the Seh- 
weinfurt green docs not poison the 
soil, as it is perfectly insoluble in 
water, and the destruction of the 
noxious insect is almost complete. 

Lieut. Carpenter, in tlie “Report 
of the Zoological Collections made 
by him in (Jolorado during tlie 
Summer of 1873,” states that not a 
single specimen of the potato beetle 
was to be found to the west of tln^ 
Rocky Mountains, though he be- 
lieved it would be ultimately spread 
over that region through the agency 
of the seed, as the insect was of 
too sluggish a nature to be capable 
of spreading itself so rajiidly by its 
own instinct ; ami his belief in this 
was further sustained by its con- 
tinued absence from the Salt Lake 
basin, occasioned by the cheapness 
of vegetables in the Mormon settle- 
ment, rendering the importation of 
potatoes from Colorado unnecessary. 
Mr. Bates believes the distribution 
of the beetle depends more uiiou 
climatic conditions. The native 


home of the insect was on the 
eastern plateaux of the Rocky 
Mountains ; and the climate of the 
Pacific coast being more like that 
of the west coasts of Europe, their 
faunas also bore a greater resem- 
blance. He believes the absence of 
the insect from the west of the 
Rocky Mountains to be caused by 
the difference of climate, aud the 
same cause might be expected to 
prevent the establishment of the 
insect in countries like Britain, 
where the moisture of the atmos- 
phere would, probably, be fatal to it. 

Ants.— A young lady, more prac- 
tically philosophic than vEsop or 
La Fontaine, has actually started an 
establishment for the preservation 
and the propagation of the ant 
species in France. The fair mistress 
of the institution is described as of 
rather “ terrible ” aspect. Although 
clad in a suit of buff, like the 
archeresses of olden time, she is not 
quite safely guarded against the 
attacks of her ungracious ;>ro- 
who have managed to bite her 
face and hands until they are 
tanned to the texture of parchment. 
The consequence of these continued 
attacks has, so the •S'orr affirms, been 
to render her skin insensible to the 
most furious assailant. She lives 
day and night in the midst of her 
uiinierous wards, and employs large 
numbers of emissaries to ctdlect fresh 
sacks of tliem from the great forests 
in or near J'ranee. It is not, of 
course, a mere disinterested affection 
which has suggested to her these 
strange proceedings. She keeps 
only the ants which are “good 
layers,” and sells tlieir eggs at a 
high profit to the breeders of 
pheasants, whose, taste for that 
article of food amounts almost to a 
madrtesH. TTntil lately human inge- 
nuity has been more usually exer- 
cised in inventing methods for the 
destruction of ants. But as we 
grow' w'isur we grow more humane. 
Idle police of Baris have removed 
o 
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the ant-house of the inventreas to a 
respectable distance from the town. 
But she has already established her 
reputation and a custom which bids 
fair to make her fortune. — iUohe. 

Rocky Mountain Locust 
{Caloptenuff sp7rfus).~~C. V. Riley 
(Entomological Society). — This in- 
sect causes an immense amount of 
devastation ; in a short period it 
rlcvours almost every living plant, 
leaving nothing but the leaves of 
the forest trees, and converting a 
fruitful country iuto an aljsolute 
desert. From a knowledge of the 
habits of the insect, and believing 
ill its inability to exist in a moist 
climate, he predicted tiiat its ravages 
would not extend beyond a certain 
line, and he had seen these predic- 
tions fultilled. Having noticed 
that hogs and poultry grew exces- 
sively fat from devouring locusts, 
and considering that the use of them 
as food for man would tend to relieve 
some of the distress occasioned in 
the devastated districts, he had 
caused a number of them to be 
prepared in various ways, and they 
were found to bo well suited for 
food, especially iu the form of soup. 

Silkworm Culture. — Dusei- 
gneur-Klc])er (.Vo/arc). — The author 
observes : — That the red or black 
mul))erry produces more vigorous 
worms than the wliitc ; that the old 
notion of selecting briglit-coloiired 
cocoons for breeding lias given place 
to the b(dief that dull yellow are 
the best ; that while the worms are 
mailing the cocoons, the ventila- 
tion of the buildings, too often neg- 
lected, is even more important than 
warmth. 

M. Duseigncur-Kkdjcr lias paid 
much attention to the method of 
work performed by the worms in 
the construction of their cocoons. A 
healthy worm (in disease they act 
irregularly) selects a suitable spot for 
its operations, where there is space 
for its whole body to move about, 
supporting itself generally by its 


two last feet only. Having care- 
fully arranged from twig to twig 
the outline of its work, its move- 
ments quicken, and at the end of 
three hours the first outer layers of 
its nest are complete, and the sphere 
of operations is then limited. At 
the end of five or six hours the 
exact form of the cocoon is indi- 
cated, still remaining diaphanous 
and rarely coloured yellow. So far 
it is easy to watch the worm at 
work, and it is seen that it holds 
itself in a semicircle, or curved like 
an 8. After a little more work the 
cocoon loses its trans})arency, and 
l^egins to be coloured. Tlie author, 
however, l)y methodically cutting 
into cocoons continued his observa- 
tions, and found that the worms 
never stopped to repair the damages 
thus caused, but, going on uninter- 
ruptedly, the layers formed within 
the cut layer rapidly covered the 
aperture. Remaining attached by 
its hind legs, a worm forms its 
layers in tlie shape of an 8, changing 
its position from time to time, gene- 
rally moving but a short distance, 
thougli sometimes turning com- 
pletely round and continuing on the 
opposite side of the cocoon. He 
calculates that, varying according 
to race, there are from thirty to 
forty dillercnt layers iu a cocoon, 
and tlie time occiqued in its con- 
struction is from three and a half to 
four days. Whatever may be the 
condition of the outer layers, the 
innermost coat formed is of the 
finest thread, and the end towards 
which tlio head is turned is the 
tciiderest, thus providing a soft aud 
elastic cradle for its metamorphosis. 

The silk-rearing districts are, 
besides France, Italy, the Austrian 
Empire, China, and dapan, the fol- 
lowing less known localities : — Cali- 
foruia, Mexico, Guatemala, Peru, 
Brazil, Chili, the Argentine Repub- 
lic, Algeria, and Armenia. In South 
America, especially, increased at- 
tention is being paid to silk pro- 
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Auction, and it giv^s j)romise of ! 
becomiug a verj^ important industry. 

British Wild Flowers and 
Insects (Abstract of a Lecture by 
Sir John Lubbock, Bart.). — Spreugel 
pointed out the close relations which 
existed between Howers and insects, 
and the service rendered by the 
latter in transferring to pollen from ^ 
the stamen to the pistil ; but Darwin | 
was the first to perceive that the 
importance of this consisted, not 
merely in the transference of the 
pollen from one organ to another, 
but from one plant to another. 
Everyone, indeed, knows liow in- 
portant flowers are to insects ; that 
boos, biittcrllics, Ac., derive the 
main part of their nourishment from 
tiowcrs, but comparatively few are 
aware, on the otlier hand, how much 
the flowers themselves are dependent 
on insects. \'et it is not too much 
to say tlnit if flowers are very useful 
to insects, insects, on the otlier 
liand, are in many cases absolutely 
necessary to flowers : that if insects 
liavc been in some resjiects modified 
aud adapted with a view to the 
acquirement of lioncy and pollen, 
flow’^ers, t)n the other hand, owe 
their scent and colours, nay, their 
very existeuice, in their present 
form, to insects. Thus, the lines 
and l>an(ls by whicli so many flowers 
are ornamented have reference to the 
})ositiou of the honey ; and it may be 
observed that these Jumey-giiides 
are absent in night tlovvers, where 
they of course would not show, and 
would therefore )>e useless ; as, for 
instaiiee, in J^yehnis vesjiertina, or 
Silenc nutans. Night (lowers, more- 
over, are g(merally pale ; for instance. 
Lychnis vespertina is white, while 
Ijyclinis diurna, which flowers by 
day, is red. 

in illustration of the great influ- 
ence wdiieli insects exercise over 
plants may he instanced those oases 
in which within a single genus w'e 
meet with species having large, and 
others with small flowers, as, for 


instance, in Epilobiiim aud Gera- 
nium ; in which case the large 
flowers are those most dependent 
upon insects. 

Of course these conclusions implied 
that insects were capable of distin- 
guishing colours. 8ii- John Lubbock 
placed some honey on a slip of glass, 
aud put the glass on blue paper, and 
when the bee had made several 
journeys, and thus become accus- 
tomed to the blue colour, he placed 
some honey in the same manner on 
orange paper. Then during one of 
the absences of the bee he trans- 
r)oscd the two colours, leaving tlie 
liouey itself in tlie same place as 
before. Tlic bee returned as usual 
to the place wdicrc sho had becu 
accustomed to find the honey ; but 
though it was still tliere she did not 
alight, l)ut paused for a moment, 
and then dashed straight to the blue 
jiapcr. No one, lie said, who saw 
this lice at that moment could have 
liad tlie slightest doubt of her pow'er 
of ilistiiiguishing blue from orange. 
Again, having accustomed a bee to 
come to honey ou bine paper, ho 
ranged other snppUcs of lioney on 
paper of other colours, yellow, 
orange, red, green, black, and white, 
then he continually transposed the 
coloured paper, leaving the honey 
on the same spots, but the bee 
always flew’- to tiic blue paper 
wlicrcver it might be. 

A large number of common flowers 
are bcauiifnlly adapted to secure 
and prolit by tlie visits of insects, 
tlie berberry, lieath, dead-nettle, 
salvia, swxct pea,' daisy, eypripe- 
diuiii being striking examples, 

Tlie sleep of flowers is also pos- 
sibly connected whth their relation 
to insects. By keeping flowers in 
the^ dark tlicy can lie indiiecd to 
sleep all day, while in other cases 
they may be kept awake all niglit 
by means of artificial light. in 
short, the observations commenced 
by Sprengel have shown that insects, 
aud especially bees, have an import- 
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ance in relation to flowers which 
had been previously unsuspected. 
To them we owe the beauties of our 
gardens, the sweetness of our fields. 
To them, ilowers are indebted for 
their scent and colour, nay, their 
very existence in its present form. 
Kot only have the brilliant colours, 
the sweet scent, and the honey of 
flowers been gradually developed by 
the unconscious agency of insects, 
but the very arrangement of the 
colours-- the circular })ands and ra- 
diating lines, the form, size, and 
position of the jjctals, the arrange- 
ment of the stamens and instil — all 
have reference to the visits of insects, 
and are disposed in such a manner 
as to ensure the great object which 
these visits are destined to eflect. 
For it is olwious that any blossom 
differing from the form and size best 
adapted to secure the due transference 
of the pollen would be less likely to 
be fertilized than others ; while, on 
the other hand, those which were rich 
in honey, which were the sweetest 
and the most conspicuous, -would most 
attract the attemtion and secure the 
visits of iusccts ; and thus, just as 
our gardeners, by selecting seed 
from the most beautiful varieties, 
have done so much to adorn our 
gardens, so have insects, by ferti- 
lizing the largest and most l)rilliant 
flov'crs, unconsciously, but not less 
effectually, contributed to the beauty 
of our woods and fields.-- AVn/o/ ] n- 
iSiifatUm Proceed intjs. 

Insectivorous Plants. — 
Charles Darwin- J. Murray, 1875 : 
{Naftire). tSce Frontispiece. 

For the last lifteen years Mr. 
Darwin has been steadily and 
(luietly at work, collecting ma- 
terials and recor<Uug long series 
of observations on “carnivorous 
jflants ” ; and now at length has 
gi\’ea us their results, completely 
and finally settling some of the 
points that have been most in con- 
troversy, and raising others which 
suggest some surprising conclusions. 


Hather more than one-half of the 
volume is devoted to the most 
ahundant and readily obtainable 
of these predatory plants, the com- 
mon sundew {Droscra roti nidi folia). 

Commencing with a description of 
the well-known leaves and their 
glandular appendages, or “tenta- 
cles,” as he terms them, Mr. Darwin 
has arrived at the conclusion that 
the upper part of these latter are 
glandular hairs or mere epidermal 
formations (trichomes), but that 
their lower portion, which alone is 
eax>able of movement, consists of a 
];>rolongation of the leaf ; the spiral 
vessels being extended from this to 
the uppermost part. It is not suf- 
fleient that the substance which 
excites the movements of the ten- 
tacles should merely rest on the 
viscid fluid excreted from the glands ; 
it must he in actual contact with 
the gland itself. While it is the 
glan(ls or knobs at the extremities 
of the tentacles, and a very small 
part of the upper portion of the 
Ijcdiccls, which alone are sensitive 
or irritable, the actual inflection 
takes place only in the lowermost 
ortion of the pedicel, causing a 
ending of the tentacle ; and the 
irritation is conducted from the 
tentacle actually excited ^to the 
neighbouring ones, or to all those on 
the leaf, in such a manner as to 
cause them to ))end towards the ob- 
ject which produces the excitement. 
When exciting particles were af- 
fixed on glands at two different 
portions of a leaf of drosera, the 
result was that all the tentacles near 
each of these two points w'ere 
directed towards them, “so that 
two wheels were formed on the disc 
of the same leaf, the pedicels of the 
tentacles forming the spokes, and the 
glands united in a mass ” over the 
irritated tentacle whicli represented 
the axle ; the precision with whicli 
each tentacle pointed to the irritat- 
ing particle was wonderful. What 
makes this residt the more extra- 
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ordinary is that “some of the ten- 
tacles on the disc, which would have 
been directed to the centre had the 
leaf been immersed in an exciting 
fluid (as in Fig. 1), were now in- 
flected in an exactly opposite direc- 
tion, viz., towards the circum- 
fci’ouce. These tcutacle.s, therefoi’e, 
had deviated as much as 18(F from 
the direction which they would liave 
assumed if their own glands had 
been stimulated, and which may be 
considered as the normal one. We 
might imagine that w'c were looking 
at a lowly organised animal seizing 
prey with its arms. Fig. 1 displays 
the leaf of Droscra rotundifolia as 
it appears when immersed in a solu- 
tion of phosphate of ammonia, one 
part to 87,»WO of water. Fig. 2 
shows the leaf with the tentacles on 
one side seizing a piece of meat 
placed in the disc. 

When yjieces of raw meat were 
stuck on needles and fixed as close 
as possible to the leaves, but with- 
out actual contact, no eflect what- 
ever was produced. 

The minuteness of the solid par- 
ticles which produced sensible in- 
ti ectiou was a matter of great sur- 
prise. Particles xjerfcctly inapipre- 
ciable by the most sensitive parts of 
the human body, as the tip of the 
tongue — a fragment of cotton weigh- 
big and of hair weighing 
of a grain — caiisetl the tentacles 
with which they were in contact to 
bend. It is extremely doubtful 
whether any nerve in the human 
body, even if in an iuilamed con- 
dition, would be in any way af- 
fected by such a particle supported 
in a dense fluid, and slowly brought 
in contact with the nerve ; yet the 
cells of the glands of drosera are 
thus excited to transmit a motor im- 
pulse to a distant iioint, inducing 
movement. The only substance 
wliich appears to be altogether with- 
out effect in producing inflection is 
rain-water in drops ; a singular ex- 
ception paralleled by the case of 


certain climbing i)lants whose exces- 
sively sensitive tendrils are irritable 
to every sort of object which touches 
them except rain-drops. 

The inflection of the base of the 
tentacle is accompanied by a change 
in the molecular condition of the 
jn'otoplasinic contents of the cells of 
the gland and of those lying im- 
mediately beneatli it ; tliough the 
two phenomena are not necessarily 
connected with one anothcu’. If the 
tentacles of a young l)nt mature leaf 
that has never been excited or be- 
come inflected, are examined, the 
cells forming tlie pedicels are seen to 
be filled with a homogeneous purple 
fluid, the walls being lined with a 
layer of colourless circulating proto- 
plasm. If a tentacle is examined 
some hours after the gland has been 
excited by repeated touches, or by an 
inorganic or organic particle placed 
on it, or by the absorption of certain 
fluids, the purple matter is found to 
be aggregated into masses of various 
shapes suspended in a nearly or 
quite colourless fluid. This change 
commences within the glands, and 
travels gradually down the tenta- 
cles ; and the aggregated masses of 
coloured protoplasm arc perpetually 
changing their form, separating, and 
again uniting. Siiortly after the 
tentacles have re-expanded in conse- 
quence of the removal of the excit- 
ing substance, these little coloured 
masses are all re-dissolvod, and the 
jnirple fliiid within the cells becomes 
as transparent as it was at first. 
This process of aggregation is inde- 
pendent of the inflection of the ten- 
tacles and of increased secretion from 
the glands ; it commences witliin the 
glands, and is transmitted from cell 
to cell down the whole length of the 
tentacles, being arrested for a short 
time at each transverse cell -wall. 
The most remarkable part of the 
phenomenon is that even in those 
tentacles whicli are inflected, not by 
the direct irritation of their glands, 
but by an irritation conducted from 
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other glands on the leaf, this aggre- 
gation of the protoplasm still com- 
mences in the colls of tlie gland 
itself. 

Some who admit the realitj^ of the 
phenomena now described, have still 
doubted the digestive power ascribed 
to the leaves oi the snndcw, believ- 
ing that the apparent absorption of 
the organic substances in c.on tact with 
the glands is due rathi-r to their na- 
tural decay, Mr. Darwin states that 
the action of the secretion from the 
glands on all albuminou.s substances 
— for it is by these only among Iluids 
that indectioji of the tentacles is 
excited — is precisely the same as 
that of the gastric juice of animals. 
The secretion of the unexcited 
glands is neutral to test-papers ; 
after irritation for a sufficiently long 
period it is distinctly acid. A very 
careful analysis by Frof. h'rankland 
of the acid thus produced indicated 
that it was probablj^ propionic, pos- 
sibly mixed with acetic and tnity- 
ric acids ; and the huid, when acidi- 
fied by sulphuric- acid, emitted a 
powerful odour similar to that of 
pepsin. If au alkali is added to the 
duid, the process of digestion is 
stopped, but immediately recom- 
mences as soon as tlie alkali is 
neutralised by weak hydrochloric 
acid. It is one of tlie many extra- 
ordinary facts connected with this 
subject that the tentacles of the 
leaves of drosera retain tlieir power 
of inflection and digestion long after 
the separation of the leaves from 
their parent plant. 

As might naturally be expected, 
salts of ammonia arc among the 
substances which have the most 
powerful effect on the leaves of 
drosera. From a most carefully 
conducted series of experimeut.s 
from which every possible source of 
error seems to have been eliminated, 
it appears that the absorption by a 
gland of as little as 
grain of carbonate of ammonia 
(this salt producing no elfect when 


absorbed through the root) is suf- 
ficient to excite inflection and aggre- 
gation of the protoplasm. With 
nitrate of ammonia a similar effect 
is produced by the ^ijiAnn ^ grain ; 
while the incredibly small quantity 
of of a grain of phosphate of 

ammonia pi-oduces a like effect. In 
both the experiments the air sur- 
rounding the i)lant was more or less 
humid, and tlie effect was much 
more iuteiiS(^ in the. one where the 
air wa.s the dampest, indicating ap- 
parently that the infieetiou ^\as due 
to the absor])tion of the extremely 
soluble gas by tlie moisture which 
was in contact witli the tentacles. 
This would also afford au explana- 
tion of the curious fact, that some 
of the closely adjoining tentacles on 
the same leaf were mncli, and some 
apparently not in tlie least, affected, 
if w'C suppose that they were clothed 
with larger and smaller amounts of 
moisture. 

With organic iluids tin*, aggrega- 
tion of the protojdasin and inflexion 
of the tentacles furnish a most deli- 
cate anil unerring test of the presence 
of nitrogen. Bcnzoii; acid, even when 
so W'cak as to bo scai'cely acid to tin; 
taste, acts with grx'at rapidity aitd 
is highly poisonous to diost'i.a, al- 
though it is without marked effect 
on the animal economy. The poison 
of the cobra, on th(‘ other hand, so 
deadly to all animals, is not at all 
poisonous to drosera, although it 
causes strong and rapid inflexion of 
the tentacles, and soon discharges all 
colour from the ghiiuls. 

The last point of investigation was 
the mode of transmission and nature 
of the conducting tissue of tlie motor 
impulse fi-om one tentacle to another. 
In order to he conveyed from one 
tentacle to another, the imimlse has 
to be transmitted down nearly the 
whole length of the pedicel ; and it 
appears to be conveyed from any 
single gland or small group of glands 
through the blade to the other ten- 
tacles more readily and effectually 
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iu a longitudinal than in a transverse 
direction. It can be shown that im- 
pulses proceeding from a number of 
glands strengthen one another, 
spread further, and act on a larger j 
number of tentacles than the imxnilse 
from any single gland. The pheno- 
menon already alhided to, of the 
aggregation of the protoplasm in a 
tentacle incited indirectly by the 
irritation of other glan(^ls on the leaf, 
this aggregation advancing not up- 
wards, but downwards, in eacli ten- 
tacle, partakes of the nature of thost; 
actions which in the nervous .sy.stenis 
of animals are called reflex. This is 
the only known instance of the ex- 
istence of such a phenomenon in 
tlie vegetable kingdom. Tlie trans- 
mission of the motor impulse in the 
sensitive leaves of mimosa is in a 
precisely opposite direction, travel- 
ling upwards from the base to the 
apex of those pinnte wliicli are in- 
directly irritated in eonse<[uence of 
the direct irritation of otlier pinine 
of the same leaf. 

In the Venus’s Fly-traji, (Uiukch 
muHcipula (tig. .‘i, leaf view(‘d later- 
ally in its expanded state), the sen- 
sibility or irritability resides iu three 
hairs, or filaments, on each half of 
the upper surface of tlie leaf ; while 
the function of absoiption ajipcars 
to belong only to a number of small 
purplish glands whicli thickly cover 
the whole of the upper face. These 
glands have also the power of secre- 
tion ; but only when excited by the 
absorption of nitrogenous matter. 
The lilaments are sensitive both to 
sudden impact and to contact with 
otlier substances, except water ; the 
lobes of the leaf closing together, in 
the former case very suddenly, in 
the latter more slowly. Jf the leaf 
has closed in consecpience of sudden 
impact or of the contact of non-nitro- 
genous matter, the two lobes remain 
concave, enclosing a considerable 
cavity ; shortly re-open, in perhaps 
twenty-four hours ; and are at once 
again irritable. When, however, the 
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irritating foreign substance contains 
soluble nitrogenous matter, the lobes 
of the leaf become gradually pressed 
closely together, and remain closed 
for a period of many (from nine to 
twenty-four) days ; and when they 
again open, if tliey ever do so, are 
at first scarcely sensitive to renewed 
irritation. The absorption of nitro- 
genous matter by the glands is ac- 
eompanied hy an aggi-egation of the 
]>rotoplasm in the cdls of the 
hlanients, similar to that observed 
in drosera, hut this result does not 
follow the simple irritation of the 
filaments. A series of experiments 
apiiears to prove tlie existence of an 
actual ]>rocess of digestion in dioniea, 
the closed leaf forming a temporary 
stomach, within which the acid 
secretion is poured out. Q’ho plant 
seems to b(^ subjiHit to dyspeyisia, 
which is even fatal when it has 
indulged too freely in the pleasures 
of th(‘ tal»le, or rather of the leaf. 
These observations, however, eomo 
from Amevh*a, where, in native 
land, its habits may possibly be 
niort^ intt*m[)erate than in this coun- 
try. T^he motor inipiilso is trans- 
mitted to dioiiiea as in drosera, 
tliroiigh the tissue of tlu^ leaf. 

Ahlrnrffin/a, an atjuatie, perfectly 
rootless gi!iius, al.su belonging to the 
order droserace;e, ]>r(!senis pheno- 
mena similar to those of diouaia, 
])Osscssing sensitivti hairs which 
cause the leaf to close, and glands 
which secrete a iligestive fluid and* 
afierwards absorb the digested mat- 
ter. The order embraces, in addi- 
tion, only three other genera, Uros- 
ophyllnm, Koridula, and Byblis, all 
of which are provided with secreting . 
glands, possessed, in all probability, 
of similar properties. 

When the yiainful rumour gained 
circulation, not many months ago, 
thai> pbpi'ukdla must bo added to 
the list of predatory plants, it was 
received with even greater incre- 
dulity than the stories about dro- 
sera. The facts are, however, as 
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patent as in the plants already de- 
scribed. The upper surface of the 
leaf is studded with glaudular hairs 
of two kinds, one with longish 
stalks, the other nearly sessile, hotli 
of wliich secrete an extremely viscid 
liuid ; and the dull irritability re- 
sides in the blade of the leaf itself, 
which becomes slowly incurved at 
the margins over substances that 
excite its sensibility. Fig. 4 shows 
the marmo of the leaf of Pinguiciila 
vulgaris bending over a row of small 
dies. This movement of the margin 
of the leaves (not the apex) is caused 
either by con tinned pressure from a 
foreign solid substance, or by the 
absorption of nitrogenous matter ; 
water or a solution of sugar or gum 
produces no curvature ; and althougli 
the latter, if sufficiently dejise, excite 
a copious increased How of the viscid 
secretion, this has no acid reaction. 
The increased secretion, occasioned 
by contact of nitrogenous solids or 
liquids with the glands, is, on the 
contrary, invariably acid, and pos- 
sesses the power of rapidly dissolv- 
ing and digesting insects and other 
nutrient substances. Some vegetable 
substances containing nitrogen, as 
some seeds and pollen -grains, are 
acted on in a similar manner, so 
that the butterwort is a vegetable 
as well as an animal feeder. The 
secretion appears to be again ab- 
sorbed into the glands, together with 
the nutrient substance dissolved in it. 

Until the publication of the 
resent volume, very little was 
nown about the habits of the 
singular genus iitrlcnlaria or blad- 
derwort, of which several species 
are natives of ditches, especially of 
very foul water, in this country. 
Fig. 5 shows a branch of Utricularia 
ueglecta, about twice enlarged. The 
very finely divided leaves bear a 
number of minute bladders, about 
one-tenth of an inch in length, the 
form of which, as Mr. Darwin points 
out, bears a very singular resem- 
blance to that of a minute Ento- 


mostracan Crustacean. Each bladder 
is furnished near its mouth with 
two long prolongations, serving as 
“antennas” branching into a num- 
ber of pointed bristles. On each 
side of the entrance to the bladder 
arc also a number of bristles ; and 
the entrance is itself almost entirely 
closed ])y a movable valve (Fig (>), 
which rests on a rim or collar, dip- 
j)iug deeply into the bladder, ami 
can only open inwards. 'J'hesurfaiie 
of the valve is furnislied with a 
number of glands endowed with the 
power of absorption, but apparently 
not of secretion. The whole in- 
ternal surface of the bladder, with 
the excci^tion of the valve, is covered 
with a nmnber of minute bodies, 
consisting of four divergent arms of 
unecjiiallengtli and great Hexihility ; 
the collar itself being furnished with 
similar but two-armed bodies. 

"I'lie use of these bladders is not 
merely, like the air-l.)ladder8 of 
Fucus, to support the plant in the 
w^ater ; they are employed to cap- 
ture small aquatic insects and other 
animals, wliich they do on a large 
scale. What it is that attracts the 
animals to enter the bladders is at 
present unknown ; but, having once 
entered hy pressing down the valve, 
esca))e is almost im})ossible ; they 
sometime.s get closely wedg(id be- 
tween the valve and the collar, and 
tlius miserably perish. Hut the 
mo.st mysterious part of the struc- 
ture of utricularia is that this 
beautiful and complicated ari’ange- 
ment for capturing prey is not ac- 
companied by any correspondingly 
perfect arrangement for its digestion. 
No secretion whatever has been ob- 
served to exude from either the 
glands or the quadrifid jjrocesses ; 
pieces of meat and albumen inserted 
within the bladders remained ab- 
solutely unchanged for three days ; 
and it is only when the bodies of 
the captured animals begin to decay 
that the products of decomposition 
are slowly absorbed. 
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All epiphytic South American 
species, U. montana, bears bladders 
of a similar structure in all essential 
points, which capture a quantity of 
minute auinuils. This species is 
also furnished with a nuiulier of 
BUiall tubers, wliich appear to serve 
as reservoirs of water during tlie dry 
season. Several other species were 
examined, including the Brazilian 
XL neliuidii folia, found only in a 
very remarkable habitat, lloatingoii 
tlie water which collects in the 
bottom of the leaves of a large til- 
landsia that inhabits abundantly an 
arid rocky jiart of the Organ Moun- 
tains at an elevation of about 5,000 
feet above the level of the sea. In 
addition to the ordinary propagation 
by seed, this plant is said to put out 
j'U liners which are always found 
directing themselves towaixls the 
nearest tillaudsia, when they insert 
their points into the water and give 
origin to a new plant, which in its 
turn sends out another shoot. 

'The last genus examined belongs 
also to the Tjentibnlariacea^, the 
Brazilian gculisca. It is also utri- 
ciiliferoiis ; but the bladders are of 
a very different nature to those of 
utricularia, being simply hollow 
cavities in the very long petiole or 
narrow' part of the lamina of cer- 
tain leaves specialised for this pur- 
j)ose. ^The bladders are not more 
than of an inch in diameter, and 
arc surmounted by a long tube fif- 
teen times as long and only inch 
in diameter, which branches at the 
extremity into two arms coiled in a 
spiral manner. Very little is known 
of the habits of the plant, of which 
only dried specimens have been 
examined in this country. It is 
probable that insects creep down the 
long tube into tbe bladders, where 
their remains have been found, and 
there perish ; but whether there is 
any process of digestion is unknown. 
The escape of insects once captured 
is prevented, not by a valve, as in 
utricularia, but by rows of long 


thin hairs pointing downwards and 
springing from ridges which project 
from tlie inside of the tube. The 
inside of tlie utricle and of the neck 
are furnished in addition with a 
number of quadrifid processes, to 
which the function of absorption is 
ascribed, and w hich arc compared to 
tbe -‘quadrifids ” of utricularia. 

Tbe novelty of the results arrived 
at liy the author docs not lie in tbe 
fact cd plants being found to feed on 
organic matter whether animal or 
vegetable ; physiologists have long 
been familiar with this power in tbe 
case of parasites and saprophytes, 
the former deriving tlieir nourish - 
meut entirely from living organic 
matter, in some cases animal, in 
others vegetable ; the latter from 
organic matter in a state of decay ; 
but neither liaving the power of 
“assimilating,” or obtaining their 
food-materials direct from the at- 
mospheric and the inorganic constit- 
uents of the soil. Saprolegnia and 
cordiceps are as fully entitled to the 
designation of carnivorous or even 
insectivorous jclauts as diouiea or 
drosera. Tlie iliffereiico lies chiefly 
ill the localisation of the powder of 
absorption, wliicb have not been 
generally considered to reside in tbe 
ioliar organs. By far tlie most in- 
teresting facts brought out in tliis 
volume are the cliauges from neutral 
to acid ill tlie nature of the secre* 
tion poured out by the glands of 
drosera on their excitetment by con- 
tact wutb soluble nitrogenous sub- 
stances ; and tbe alleged “reflex” 
excitement of the tentacles of 
drosera. It is imiiossiblo to foretell 
to what these discoveries will lead. 
— A . W. BenuHL 
Phenomena of Plant Life. — 
The expansive power of growing 
ve^tablc tissue is something mar- 
velmus, if the experiments under- 
taken by Mr. Clark, president of 
the State Agricultural College of 
Massachusetts, are perfectly trust- 
worthy. The greatest weight lifted 



202 


THE YEAR-BOOK CfP FACTS. 


by the pumpkin in the course of its | 
development lie stiitea at nearly 

tons. At the end of the experi- 
ment the soil was carefully washed 
from the roots of the pumpkin 
vine,' and tlie entire system of roots 
spread out upon the Hoor of a large 
room and carefully measured. In 
addition to the main root, roots were 
formed at each joint or node. The 
total len^h of root developed was 
calculated to be over fifteen miles : 
and the time the plant was growing, 
four months. JJuring the greater 
part of the time, of course, the rate 
of growth was relatively slow, but 
the maximum rate was computed at 
not less than 1000 feet of root per 
day. 

With another plant of the same 
species, Cucurbita maxima, an ex- 
periment was instituted to ascertain 
the pressure exerted by the rising 
sap. For this purpose the plant 
was cut off near the ground, after it 
had attained a length of 12 feet, 
and a mercurial gauge attached to 
the part left in the ground. The 
maximum force with which the root 
of the pumpkin exuded the water 
absorbed by it was ecpial to a column 
of water 48 '51 feet in height. 

Some experiments to determine 
the channels through which the 
crude sap rises, and on the <Uffusiou 
of the elaboi’ated sap, gave interesting 
results. Mr. Clark says : — “ 1 
find that the crude sap imbibed by 
the root-hairs from the surface of 
the particles of the soil seems to be 
taken up in a dry state ; that is, it 
appears to be absorbed molecule by 
molecule, no fluid water being visi- 
ble, and carried in this form through 
all the cellulose membranes between 
the earth and leaf, by which it is 
to be digested or exhaled, 1 do 
not say this is literally true, but it 
accords very nearly with what is 
constantly to be seen in some species 
of plants. The circulation of the 
sap in a poplar tree is very dry com- 
pared with that of the blood of auy 


animal. Not a drop of moisture will 
ever fiow from the wood of an aspen, 
so far as I have observed.” It 
was found that an exceedingly small 
proportion of sap-wood sufficed to 
convey the necessary supply of crude 
sap to the foliage, but noue would 
ascend through tlie bark, 

Tlie quantity of sap that flowed 
from different trees duriug the sea- 
son varied greatly in diverse species. 
Thus the entire fiow from tlie bitter- 
nut was less than tlie product of the 
sugar-maple for a single day ; but 
the iron-wood and the birches sur- 
Xiass the imqdc in tlie rapidity aud 
amount of their llowiug. A jiaper- 
birch, 15 inches in diameter, bled in 
less than two mouths over 1480 lbs. of 
saji ; the maximum flow, on the Sth 
of May, amoiuitiug to 05 lbs. 4 oz. 
The grajic bleeds comparatively little 
a.s coiiqiared witli many other things, 
A very largo proportion of the trees 
experimented iqKiii did not show 
any tendency to bleed in sjiring. 

Flora of Spitzbergen. — At 
least 100 species of flowering plants 
liave been oliserved. Nearly tlie 
whole of the vegetation consists of 
herbaceous perennials, about one- 
third being grasses, sedges, and 
rushes. The nearest axqnoach to 
woody vegetation are the crowberry, 
two sijeeies of willow', and Andro- 
meda tetragoua, an ICricaceous under- 
shrub, neither of w hich rises more 
than a few' in dies above the soil. 
Taking the families in tlicir natural 
se(iuence,we have — 1. Jlammeiilaceie: 
six sfiecies of rauuuculus. 2. Pa- 
pa veraceie : Papaver luulicaule, a 
Xiretty dwarf yellow-flow^ered poppy. 
5. Crucifera^ ; about eighteen species, 
including (Jardamine pratensis, ten 
Bjiccics of draba, and one species of 
scurvy grass, (Jochlearia feuestrata, 
perhaps the only esculent vegetable 
found ill Sjiitzbcrgeu, and which has 
proved most valuable to the crews 
of the vessels that have touched 
there. 4. Caryophyllcte : abovit a 
dozen species, iaciudiug the follow- 
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ing British—Sileoe acaulis, Arenaria 
cinata, A. peploides, and A. rubella. 
5. Rosaceyc : four species of Potentilla 
and llryas octopetala. (>. Saxifra- 
gea3': Chrysospleudium alteruifolium, 
Saxifraga oppositifolia, nivalis, cer- 
nua, cfespitoaa, lurciilus, aizoides, 
and four other species not found in 
Britain. 7. Composite : four species, 
including the dandelion. S. Cain- 
panulaceje : Campanula uniflora. 1). 
Ericaceae ; the little shrub men- 
tioned above. 10. Gentiana(!efe : 
Gentiana tenella, discovered by tlie 
Rev. Mr. Eaton in 1872. II. Bora- 
ginacere : Mertcnsia inaritima. 1 2. 
rolcmoniacea' : one species of pole- 
mo nium. 13. 8crophiilariaceni : Pedi- 
cularis hirsuta. 14. Empetracea* : 
the empetrum alluded to. 15, Poly- 
gonesp : two British species. Poly- 
gonum vivaparum, and Oxyria reni- 
formis ; and Kamigia islaudica, whicli 
is of annual duration. 10. Salici- 
iiCcC ; the two species of willow given 
above. The remaining families — 
(17) Juncaceje, (18) C'yi)eracca\ and 
(19) Graminea — make up the rest, 
the latter being by far the most 
numerous, and embracing sevei-al 
British genera and species. 

In a broad sense, the Arctic vege- 
tation closely resembles the flora of 
the higher Alps, but there is less 
brilliancy and variety of colour in 
the flowers, yellow and white largely 
predominating. The plants assume 
a dense tufted habit of growth, and 
increase mainly by lateral branches, 
which take root and in their turn 
produce offsets. It is possible some 
or all of them lipen seeds in certain 
favourable seasons, but the almost 
total absence of annual plants, and 
the habit of growth of the perennials, 
seem to indicate that this very 
seldom happens. 

Botany of the Island of Am- 
sterdam {AthencBum). — The follow- 
ing botanical fact associates itself 
with meteorological phenomena, 
being probably directly connected 
with atmospheric currents ;~lt is a 


curious fact that the little island of 
Amsterdam, in the vSouth Indian 
Ocean, is known to be covered with 
trees, whilst the island of St. Paul’s, 
only fifty miles to the south, is 
destitute of even a shrub. Botanists 
have long been anxious to determine 
the character of tlie Amsterdam 
forest, hut the difliculty of effecting 
a landing on the island has generally 
prevcnte<l the collection of speci- 
mens. In the Journal of the Lin- 
'll fan Sor.kty, Dr. Hooker announces 
that at length he lias received the 
desij‘cd specimens, these having been 
ccdlected by Commodore Good- 
enoiigb, who states that they repre- 
sent the only species of tree grow- 
ing on the island. Dr. Hooker 
identilies tliis wdth the Phylica 
arboroa of Thouars, a tree which, 
strangely enough, is found in the 
remote island of Tristan d’Acunha. 
It is a curious problem for those 
who atiuly insular floras to suggest 
how the same plant can have esta- 
blished itself oil tljese two little 
specks of land, separated from each 
other by about five thousand miles 
of ocean. 

Botany of Victoria.— Baron 
Mueller, government botanist, Vic- 
toria, in bis last report gives some 
interesting iletails of the re.sults of 
recent explorations in the Griper 
Yarra, Hume River, and other dis- 
tricts. As might be expected, al- 
though the general physical features 
ami the nature of the flora and 
fauna of most districts are known, 
every trip adds new species to those 
previously known. In the forest 
regions of the Upper Yarra and the 
southern branches of the Goulhurn 
River measurements were taken of 
some of the larger trees of Eucalyptus 
amygdalina var. regnans, the highest 
heipg approximately 400 feet, but it 
is believed that there are higher 
specimens, which, how^ever, could 
not be measured ou account of the 
labour of clearing away the dense 
jungle to get a base line. The mag- 
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nificent grass, Fcstuca dives, first 
discovered in West Gippsland, was 
found in the sanae districts. '^Khia 
OTass grows from 10 to J2 feet 
high, or even as much as 17 feet in 
the rich soil of the fern -tree gullies. 
In tlie Hume district an entirely 
new tree, “probably of medicinal 
value,” Bertya Fin lay i, was dis- 
covered. Many Tasmanian forms 
were traced nortliwards into New 
South Wales. A list of additions to 
the genera of Australian plants dur- 
ing the year numbers fifty, and in- 
cludes (Jorynocarpus, Carmichaelia, 
Ilex, Lagerstroemia, Agrimonia, Fm- 
bothrium (sect, oreocallis), IJlmus 
(sect, microptlea), Monea, Areca, 
Woltfia, and many others equally in- 
teresting to the student of the dis- 
tribution of plants, besides fourteen 
absolutely new genera. 

Plants of the Libyan Desert 
observed in Rohlf’s Expe- 
dition. — P. Ascherson {Botanlsche 
Z(dtun(f),~-'WQ greater part show 
their struggle with local conditions 
by their half-globular form, and by 
having either a minimum or a sup- 
pression of leaf surface. The leaves 
are often reduced to fleshy scales, or 
overgrown with a protection of thick 
hair. An armature of thorus and 
prickles is very common ; even in 
the nsuaUy harmless family of grasses 
the collector is likely to be wouudod 
by the sharp points of Ai'istidia pnn- 
geus and V iJla spieata. Most of the 
desert plants are destitute of the 
pleasant Ime of green ; ouly Sehou- 
wia sebimperi and Scopolia mutica 
decorate themselves with) bean tiful 
broad leaves of that colour. These 
plants also dilfer from the majority 
m their bright purple and dark 
violet flowers. An inconspicuous 
iufloresceuco adapted to wind-blown 
dust is most common. The seeds 
are mostly small, numerous, and 
frequently furnished with feathers 
or wings, which give them a chance 
of reamiing a spot where they can 
develop. Nearly all possess the 


property of working up through the 
sand as it threatens to overwhelm 
them. The tamarisk especially ex- 
hibits this property, and often 
reaches a lieight of from three to flve 
miitres in the sand-hills. The groiip 
of atemless palms are exceptions to 
this rule. Their thick leaves lioep 
the sand back, and they are fre- 
quently found at the bottom of 
sand-hollows. The greater part of 
the wild plants growing iu tlie oases 
appear depeiideiit upon the culti- 
vation of those spots, and would 
sooji perish if it were abandoned. 
Most of them seem wanderers from 
the Mediterranean. 

Transference of Plants 
during* War.— In reference to 
the fact tliat Oerman plants were 
found in French soil after the (ler- 
maii invasion, we may state that a 
similar phenomenon has been ob- 
served before, licpidiuin draba was 
introduced into Fug] and by the 
English troops who failed in the 
attemj>t to land on Walchcren iu 
1809. The gain from the herb was 
j)robably greater than the loss from 
the war. In 1814 many plants from 
the Don became acclimatised in the 
lUioue valley and vicinity of Faris. 
I^ho most notable im])rovement on 
record of any spontaneous flora is 
perhaps tlie addition to the Alsatian 
grasses by the introduction of Al- 
gerian species. These jdants, al- 
though coming from a warm climate, 
have secured a firm footing in their 
new home, and rendered fertile a 
number of places which had remained 
up to that time barren and fruitless. 

Tree Aloes . — Frofessor Thiaelton 
Dyer {Nat/u,re ). — The tree-aloes of 
South Africa rank with the most 
remarkable of vegetable forms, and 
until quite recently were almost 
unknown. These species of aloe 
are probably only really indigenous 
in South and East Africa, though 
A. vulgaris is widely spread in the 
Mediterranean region and elsewhere, 
but only as a cultivated plant, or an 



KATTTBAL HISTOEY-BOTANY. 


escape from cultivation. A. indica 
of Hoyle is doubtless a variety of the 
preceding, as is also probably A. 
littoralis of Koenig, found at (Jape 
Comorin, the difference iu character 
being due to altered conditions of 
situation. In some rocky districts 
the tree -aloes form the dominating 
feature of the landscape, giving it a 
very peculiar appearance. The east- 
ern species occasionally attains a 
height of 60 feet. There are two 
species of tree-aloe in South Africa 
— one endemic on the west coast, 
and the other confined to the cast. 
That of the west, A. dichotoma, 
Linn., extends from Walvisch l>ay 
to Clan william. It is well described 
in Paterson’s Trarcl^n in. Africa 
(1789), but otherwise very little 
known. The present (fovernor of 
the Cape, Sir Heiii’y Barkly, has 
made great exertious to procure 
plants for Kew, and two have now 
arrived in this country, the largest 
being eight feet in lieight. The 
eastern species, A. Barbcrac, l>yer, 
was named in liouour of Mrs. Barber, 
who first sent cuttings of it to this 
country. A. dichotoma attains a 
height of thirty feet, with a girth of 
about twelve feet. A. Baincsii, 
Dyer, turns out to ])o the same 
species as A. Barberae, the charac- 
ter of .scattered or clustered leaves 
• having broken down iu this instance. 
The specimen named Barberae had 
its leaves originally arranged in 
rosettes at the ends of the branches, 
but as it grew they became di.stant 
and scattered. TJiere are still some 
slight discrepancies to clear up witl> 
regard to the flowers. 

Gum Copal Trees of Dar-es- 
Salam, Zanzibar.— Cax)t. Elton. 
— The author fuUy endorses Dr. 
Kirk’s report, published iu tlie Lin- 
ncALti i^ocicifs Jvnmaf, for he was 
astonished at the immense number 
and size of these trees, far exceeding 
anything he had before imagined. 
The height of an average tree is 
about sixty feet, aud the giitli at 


m 


bottom upwards of four feet. On 
stripping ofY the bark, the gum was 
found deposited in many places 
between it and the wood in a liquid 
form. The trees arc suffering greatly 
from the attacks of swarms of ants 
and other insects, aud are being 
slowly but surely destroyed, piece 
after piece, branch after branch. 
They are all festooned with the long 
intertwined ropes of the india-rubber 
uiaua, the thickly-matted cords of 
which, pendant from the main limbs 
and knotted into a sort of rigging, 
become an easy means of ascent to 
the natives looking for the resinous 
dc])osits oj] the branches. This 
india-rubber was worked rather ex- 
tensively here at one time, but was 
soon given up as unprofitable, in 
consequence of the number of slave- 
lads carried off by leopards. 

India-Rubber. — A new source 
of caoutchouc has been discovered 
iu Burmah. 'I’ho plant yielding 
tliis caoutchouc is the (ffiavanesia 
esculeuta, a creeper belonging to 
the natural order Apocynem, an 
order which includes the Borneo 
rubber plant, Urreola r/astica, the 
African rubber plants, Landolphia 
spp., as well as other genera yield- 
ing milky juices. The plant, which 
is common in tlie Burmese forests, 
is said to be cultivated by the 
natives for the sake of its fruit, 
whicli has an agreeable -iicid taste. 
It comes into season when tama- 
rinds are not procurable, and finds 
a ready sale at Bangoon, at an anna 
per bunch of ten fruits. The milk 
is said to coagulate more readily 
tJian that of Eieus elastica, and to be 
pnrer and better for most purposes 
for whieli rubber is used. 

lij' liis last ix'.port of the progress 
and pros]>ccts of the cidtivation of 
various useful trees in India, Dr, 
King speaks of the caoiitchouo- 
yielding trees, and the difficulties 
attending their cultivation. But 
his account of the Assam india- 
rubber tree, Ficica eladica^ whose 
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large glossy foliage is familiar to 
almost everybody in tliis country, 
excites some surprise. He writes : 
“ The rubber of this country (India) 
is obtained from fig-trees, most of 
which (at least in early life) are 
parasitical [by which he means, of 
course, epiphytical]. These figs 
begin life by establishing them- 
selves on the tops of other trees, 
along the trunks of which they 
send their twiniug aerial roots, 
which ultimately reach the ground. 
In course of time the' supporting 
trees ai'e killed, but the iigs remain 
and grow, often entirely obliterating 
their predecessors. It is from the 
long aerial roots tliat the rubl)er 
is mostly got, and not from the 
branches. After a few severe tap- 
pings a fig ceases to yield rubber 
from its roots. The number of 
rubber trees, even in a country like 
Assam, is limited, and it is easy to 
foresee their early exhaustion. It 
is true it is also easy to propagate 
these figs by cuttings, l)ut plants 
j)roduced from cuttings put into tlie 
soil cannot very well liave alndal 
roots, and may conse(picntly be 
expected to yield little, if any, 
rubber. The artificial formation of 
india-rubber idantations on the 
summits of tall forest trees is ol)- 
vioiisly impracticable.” Now, it 
has long been kuo\vn that these 
india-rubber trees are epiphytical, 
but it seems far more probable that 
the mode of growth referred to 
simply renders it difficult to extract 
the caoutchouc imtil the roots come 
down within reach, not tliat they 
represent the principal scat of its 
secretion, ludoed, if tijis really be 
the case, it seems (juite iiiexplicaldc, 
for this secretion pervades the 
whole system. However, it can 
be only partially true. The aerial 
roots of Ficus elastiea are uot only 
produced from the epiphytical 
examples, but also from those grow- 
ing in the ground. Mr. Mann, and 
other writers, describe them as run- 


ning along for a distance of thirty 
or lorty feet on the surface of the 
soil, and mention the fact that the 
collectors tap the lower parts of the 
stem and these trailing roots. Look- 
ing into Mr. Mann’s report on the 
same subject, he specially mentions 
the reckless felling of l^rge trees to 
obtain the caoutchouc more readily ; 
and in reference to the cultivation 
of the tree in question, he says that 
planted trees would yield at half 
the age a naturally grown tree 
w'ould, as in the latter case several 
years elapse before an aerial root 
can reach the groimd aud establish 
itself. Dr. King’s argument in 
favour of growing tlie l*aril ca- 
outchouc, Herca hrasilienm, on this 
ground must fall through ; but as 
the latter is reported to furnish the 
best qiiality of caoutchouc, there is 
a good reason for attempting its 
cultivation. —Nature. 

Alpha Fibre, or Esparto 
Grass {MacJirocJdoa teMacmima, 
Kth.). — This plant has created 
more than usual interest of late, 
owing to the report that the supply 
was becoming exhausted. In con- 
tradiction to this it is satisfactory 
to note, on the antliority of Colonel 
Playfair, the ( Jonsul-dcncral at 
Algiers, that enormous tracts of 
land on the high plateaus in all the 
provijjces of Algeria, are covered 
with the plant. Thus, in the pro- 
vince of Algiers it covers an area of 
about 2, r)0( ),00( ) acres. In the province 
of Oran the extent of the Alpha 
groviili is almost unlimited. In the 
circle of Daia it is stated to cover a 
space of about 9(){),0()0 acres, while 
in the subdivision of Mascara there 
is an immense field for its explora- 
tion. In the several divisions of 
the province of Constantine it is 
estimated that a total of about 
570,000 acres are under growth of 
this substance. These figures alone 
show an aggregate of some 8,970, (X)0 
acres of Esparto known to exi^ in 
Algeria. The difficulty, however, 
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is in the want of proper roads or 
easy means of transport by which 
the material could be brought to 
the sea or a railway station. Colonel 
Playfair says that practically there 
is no limit to the supply of alpha 
procurable from Algiers ; all that is 
required the establishment of 
railway communication, and the 
government of the colony is pre- 
pared to sanction the construction 
of lines, either by French or foreign 
capitalists, on the most lil)eral 
terms. Several companies have 
been formed for the purchase aud 
exportation of this fibre, which is 
becoming more sought for in pro- 
X^ortion to the increasing demand 
for paper. Tlie Algerian authori- 
ties are quite alive to the necessity 
of encouraging all such commercial 
cnterxmses as may tend to dcvclox> 
this important branch of commerce. 
The exi^ortation of this fibre for 
paj)er-making has increased very 
rapidly during the X)ast five or six 
years, in 18()9 it amounted to 
4000 tons, ill 1870 it rose to .’»*2,000 
tons, aud in 1873 to 45,000 tons, 
while the xnist year’s produce was 
expected to reach (30,000 tons. The 
average jirice at Oran is about 14() 
francs per ton. 

Jute. — Two species of Corchorus, 
0. capsularis and C. olitorius, arc 
generally accredited as the sources 
from whence the fibre well-known as 
jute, so largely imi)orted for carjjct 
and other descriptions of weaving, 
is obtained. These xdants are c.hicfly 
grown in Bengal, but in the Madras 
Presidency Hibiscus caiinabinus and 
(h’otolaria jnncca arc ])o])ularly 
termed jute ; so that some eonfusioii 
lias arisen as regards the ideutili ca- 
tion of the plants yielding jute in 
India. This question has recently 
occupied the atteiiiiou of the ( fovern- 
meut of Bengal, aud from inquiries 
instituted it appears certain that the 
true jute (Corchorus) is not found in 
the Madras Presidency, aud that the 
fibre sent from thence as jute is 


really referable to Hibiscus and Cro- 
bolaria. 

The Gombo Plants of the 
Mallow family have long been known 
bo yield useful fibres as well as 
mucilage. MM. Bouju Fibres 
Comptes Re;nduti) state that they 
lave devised a mechanical process 
if treating the stems of Gombo {Ahei- 
'iiosdius, or Hibiscus esculmtics) so as 
to afford a pulp which can be con- 
verted into good paper — equal, so it 
is said by M. Landrin, to the best 
made from rags. The xdant grows 
"bundautly iu Syria and Egypt, and 
s cultivated for its edible fruits. 
'I’lie MM. Ihmju previously patented 
method.^ of using the fibre for cord- 
age and woven fabrics. Gombo 
XJaste, sometimes used in medicine, 
s made from a gummy and miici- 
aginmis substance, extracted from 
the x^lant by water, which the French 
have named gombine. An analysis 
)i gombo gives -- 


Water 

. 13 *82 

Gombine 

. 19 50 

Gellulosc . 

. 00*75 

Resiu . 

. 0-93 

MineraJ matters 

. 4*75 

Substances not reckoned ’25 


100*0 


The Ramie, or China Grass 
Plant {Bivhmcrki \nlma ). — This 
Xdant has excited much interest of 
late owing to its jiroposed extended 
cultivation in India. It seems to 
thrive in (.Cayenne, sjiecimens having 
been shown at a recent exhibition iu 
that colony and compared with 
Xdants grown iji Franco. The 
Gaycunc jdauts, which were grown 
on a comx)aratively poor soil, with- 
out mauiire aud with little or no 
attention, were df)nble in size and 
lieiglit to tho.se grown in France. 
Tltreo successive shoots were pro- 
duced iu one year. 

Victoria Regia.— The Botanical 
Gardens at Ghent contain an 
aquarium in wliich is cultivated a 
Victoria Regia that has attained a 
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large development. The head gar- mense quantities of lead-pencils are 
deuer, M. von Hulle, was recently made, has induced some mauufac- 
struck by observing the force that turers to take up the question of the 
was required to immerse the floating acclimatisation of the tree in that 
leaves in the water. He saw one of country. Seeds have been sown in 
them support a child, and anotlmr the Royal Forest, and about 5,000 
was not even submerged by the young plants have been grown on 
weight of one of the gardeners. He I one private estate : the ^cultivation 
was led to experiment as to the | of the tree is also being attempted 
limit of this resistance —loading the in other parts of Germany, 
surface of one of the largest leaves Protection of Vines from 
with bricks. It was found to bear a Frost. — For this purpose the pro- 
weight of 545 kilogrammes : that duction of large artificial clouds of 
is to say, nearly equal to three men smoke is a common a])pliauce in 
of average stature and corpulence. France and Germany. G. Vinard’s 
duinine. — As an instance of sue- methods of creating the smoke is 
cessful acclimatisation, theintroduc- easily executed, and has proved 
tion of chinchona cultivation into successful ; it consists in carefully 
British India is most remarkable, mixing gas-tar with sawdust and old 
For the plants have not only been straw, and piling nj) this inixture 
transplanted from one quarter of the I into large heaps in the vineyards, 
globe to another, but they have been ! The mixture remains easily iuHam- 
converted from wild to cultivated | malde, in spite of rain and weathei’, 
products. The beneficial results of ! for more than a fortnight. When 
bringing (iuiniue and the other febri- required for use, smaller hea])S are 
fiige alkaloids in the chinchona bark made from tlie large ones, of about 
within the reach of the people of two feet in diameter, and are dis- 
India certainly cannot be exag- tributed in and round the vineyard, 
gerated. Chinchona cultivation in If there is little wind these heaps 
India was commenced in 1801. In burn freely for about three-and-a- 
1874 there were 2,()49,05d plants on half hours, and produce a very dense 
the Government plantations of the smoke. The artificial cloud which 
Nilgherryllill.s alone; besides jirivate thus enwraps the vines consideraidy 
plantations, among which 254,5;il decreases the radiation from the 
plants and 4()9| ounces of seeds have ground, and with it counteracts 
been distributed. In the same year, frost, whicli is greatest towards 
91,77*1 lbs. of bark were supplied to morning during calm spring nights, 
the manufactory, ftir the preparation and which does so mucli harm to 
of quinine, in a cheap form for use the plants. 

in India, the value of wliicli was Boxwood. — The wood of Bnxus 

2,294/.; and 1,181 cases of East scinpervirens, which is almost exclu- 
ludian and Ceylon bark were sold in sively used for the best kinds of 
the Loudon market. Tlic tallest wood-engraving, has been for some 
chinchona tree on tlie Nilgherry years Ijecoming more and more 
Hills is now thirty-two feet high, scarce. Wood of the largest dia- 
with a girth of 28,^ inches. meter is the produce of the forests 

FloridaCedar. — Steps have been of tlie eoiintries bordering on the 
taken to acclimatise tlie Florida Black Sea. Large f| nan titles are 
cedar in Bavaria. The supeiiority produced in the neighbourhood of 
of the wood of this tree {Jnmprrls I*oti, from which port the wood is 
Vivijlniano) over all other kinds of shipped direct to England. The sup- 
cedar, is well known, and the demand ply, however, from this port is 
for the wood in Bavaria, where im- 1 becoming fast exhausted ; and it 



NATURAL HISTORY— BOTANY. 


209 


is said, unless tlio forests of Abk- 
bassia are opened to the trade, it 
must soon cease altogether. The 
quantity exported from Voti during 
the year 1873 amounted to 2,897 
tons, of tlie value of X20,(i21 ; be- 
sides this, from 5,000 to 7,000 
tons of the finest quality annually 
pass througji Constantinople, being 
brought from Southern Russia, aud 
from some of the Turkish ports of 
the Rlack Sea for shipment, chiefly 
to Liverpool. An inferior and 
smaller kind of wood supplied from 
the neighbourhood of Sarnsoon is 
also shipj)ed at Constantinople to 
the extent of about 1,500 tons an- 
nually. With regard to the box- 
wood forest of Turkey, the Britisli 
Consul at (Jonstantinople reports 
that they arc nearly exhausted, and 
that very little really good wood can 
now be obtained from them ; in 
Russia, however, where some little 
Covcrnnient care has been bestowed 
upon forestry, a considerable quan- 
tity of choice wood still exists ; but 
even tliere it can only be obtained at 
an cver-iucrcasing cost, as the forests 
near tlie sea have been denuded of 
their best trees. The trade is now 
entirely in English hands, although 
formerly Creek merchants exclu- 
sively ex 2 wrted the wood. In the 
province of Trebizonde the wood is 
generally of an inferior (juality ; 
nevertheless, from 25,000 to 30,000 
cwts. are annually sliq^jicd, chiefly 
to the United Kingdom. — Nature. 

The Potato Pungus {Peronos- 
})ora ■Lufestaus) {Academy),— Oi\o of 
tlie most iiiq^ortant discoveries of 
recent times in vegetable inicroseoiiy 
lias fallen to the lot of Mr. Worth- 
ington Smitli, who has been the first 
to detect, or rather to diitcrnune, 
the resting- sjiore of pcronosjiora in- 
festans. For this signal service to 
science the Council of tlie Royal 
Horticultural Society have unani- 
mously conferred upon the discoverer 
the Cold Banksiau Medal. It would 
be difficult to overrate the import- 


ance of this last step and final link 
in our knowledge of the life-history 
of the xiotato-fungus, and Mr. Smith 
may well be envied his good fortune 
in finding what has baflled the in- 
vestigations of the most cx^iert fuii- 
gologists for so many years. More- 
over, it is very gratifying at tho 
jirescnt moment to be able to claim 
this honour for oiir countryman. 
The following is a brief sketch of tho 
liistory of enquiries into the nature 
of the organism attacking the [Jotato- 
jdant. As long ago as 1845 aud 1840 
Dr. Morren on the Continent, and 
tlie Rev. M. J. Berkeley in this 
country, declared their conviction 
that the disease was caused by a 
fungus. Montague, who was one 
of tlie first to investigate the matter, 
does not a^ijicar to have held stead- 
fastly to this view, though he was 
jierfeetly aware of tlic 2 >rcsenco of 
the fungus in diseased liaulm. Even 
at that date nearly as much was 
known of the life-history of this 
fungus as we knew iirevious to Mr. 
Smith’s discovery, and soon thctnic 
nature of tlie couidia aud zoospores 
was settled. Indeed, oos 2 )ores (rest- 
ing-sjiorcs), were seen and figured 
by Montague — who, however, failed 
to recognise them as such, and gave 
tliem tlic name of artotrogiis. Mr. 
Smith has examined the prepara- 
I tions for the microscoiie made at the 
time, and declares tho artotrogus of 
Montague and Berkeley to be iden- 
tical with the bodies discovered by 
liimself. Tlie autheridia aud oogonia 
arc found on lateral branches of tiie 
mycelium within the tissue of tbo 
leaf ; the former is *001)4, and the 
latter *001 of an inch in diameter. 
Tho oosiihcrc is fertilised by con- 
junction with an antboridium, the 
latter iixing itself to the former by a 
])ol I inodium or feciuidating tube. 
This tube penetrates the oospbero, 
and discharges jiart of its contents 
into the jirotojdasm of the infant 
restiug-sporc. Idic mature oospore, 
or resting- sfiorc, becomes free, and 
V 
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may lie donnant for someijime ; but 
the simple spores and zoospores, 
which are borne on slender threads 
protruding from the epidermis of 
the leaf, simply serve to propagate 
the fungus during the summer. 
Now that w^e know that the resting- 
spore of peronospora iufestans is ac- 
tually produced in the haulm of the 
potato, and not exclusively on a 
dillercnt plant, as has been con- 
jectured, there is a better chance 
of our being able to cope wuth it. 
One thing is certain : we cannot be 
too particular in burning aftected 
Ijaiilm and tubers, and fresh ground 
should be preferred where there is 
a choice. 

“ Edible and Poisonous 
Mushrooms and Toadstools.” 
— John 8adler (Edinburgh Pharm. 
8oc.). — There arc no fewer than 600 
genera and 500 species of these fungi ; 
and these are so widely distrilnited 
that it is difficult or impossible to 
say where they are not to be found. 
The potato disease and vine blight 
are believed by some to be caused 
by a certain development of minute 
fungi, which also attacks at times 
animals, and even man himself. 

It is exceedingly difficult to distin- 
guish between the edible and poison- 
ous fungi. Among those considered 
poisonous are the liory-milk, satani- 
cal tube, and lly-mushrooms. The 
cOects of partaking of the latter are 
often very remarkable and some- 
times fatal. Tire great cheerfulness 
whicii is first induced is followed 
by giddiness, and at length by a 
kind of drunkenness, one of the 
symptoms of which is that to the 
eyes of tJie patient every olijcct be- 
comes immensc^ly larger than it 
really is. A straw lying on the 
road, for instance, becomes so for- 
midable an obstrucition that a ])cr- 
son under the influence of this mush- 
room M^ould take a running jump 
in order to clear it. 

Only young, fresh, and sound 
mushrooms are to be gathered j aud 


these should bo cooked as soon as 
possible, aud partaken of in mode- 
ration. When they become black, 
though originally edible, they are 
actually poisonous. 

Cultivation of the Oak. — Oak 
timber is rapidly disappearing from 
Europe, although half of the area of 
Sweden, one-fourth that of Norway, 
one-sixth that of Switzerland, and 
7^50,000 scpiare miles in European 
Jtussia arc stated to be yet in forest. 
The consumption of oak in France 
has doubled during the last fifty 
years ; she requires f 5, 000, 000 cubic 
feet yearly for wine casks alone, 
750,000 cubic feet for building pur- 
poses, 600,000 cubic feet for her fleet, 
and 150,000 cubic feet for railway 
cars. £800, 000 worth of staves were 
imported in 1826 ; £5,000,000 worth 
are now needed. Since losing Al- 
sace and Lorraine, France contains 
135,000,000 acres ; 20, 000,000 of this 
surface is covered wuth forest. In 
Norway the Administration of 
Forests declares that it is necessary 
to stop the cutting of timber. 
Jlolland and J^lgium are nearly 
:lenuded of timf)er, and are largo 
mporters. North Germany is rich 
n forest, but within half a century 
las begun to cut down young trees. 
Austria has sold her forests since 
railways have been introduced. In 
Italy no forests remain. Spain aud 
Greece are almost absolutely wood- 
less. The southern coasts of the 
Mediterraueaii arc almost forcstloss. 
Wood, for all purposes of con- 
struction, is becoming scarcer and 
dearer in all parts of the United 
States, yearly. In the Dominion of 
(Janada it is yet abundant, though 
rather farther to seek. Only in 
St. Domingo and Gentral America, 
on tlio soutJiern shores, and of tlieir 
livers flowing into the Garibbeau 
Sea, and in Guiana aud Trinidad, 
arc there virgin forests of good 
timber remaining, to supply the 
failure of tlie forests in Europe and 
the United States. 
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Russian Forests.— F. N. 
Werekha. — The extent of the forests 
of Russia in Europe is about 
442,897,500 acres, or 40 per cent, 
of the whole area. The forests are 
very niie(j[ually distributed, and in- 
terual communication is still very 
imperfect in many parts of the 
empire ; hence much of this wealth 
is at present unavailable. Every 
year,* however, the facilities for 
transport are increased, and there is 
a corresponding augmentation in the 
amount realised. The principal 
trees arc the Scotch pine, spruce lir, 
larch, birch, lime, aspen, and oak. 
To these may be added for the 
governments of tlic Soutli, though 
relatively playing an unimportant 
part in commerce, the elm, ash, 
beech, hornbeam, maple, various 
l)oplars and willows, <fec. The value 
of the forest products exported in 
1871 amounted to l(),02(),r)5d roubles, 
of which more than one-third came 
to this country. In Russia, wood 
is still either the only or the pn*in- j 
cipal fuel used. The railways con- 
sume wood for fuel to the annual 
value of 7,200,000 roubles. Wooden 
drinking- vessels, plattens and spoons, 
take the place of pottery and metal 
in many districts, except in the 
houses of the rich. '^I'he author 
estimates that 40,000,000 wooden 
spoons are made every year. 

But the most destructive industry, 
so far as the forests arc concerned, 
is tlic manufacture of bast mats, 


bark boots (lapti), cordage, and other 
articles prepared from the liber or 
inner bark of the lime, birch, and 
willow, chief iy of the former tree. 
It is computed that 100,000,000 
pairs of lapti are made annually, 
each pair recjuiring the bark of four 
young trees ; thus 400,000,000 trees 
are cut down every year for shoes ! 
Lime-trees from live to ten years of 
age, and half-grown birch, are 
employed for this purpose. Such 
reckless waste is much to be re- 
gretted. Moreover, the pines are 
tapped for their resin and bled to 
dcatli ill from ten to fifteen years, 
in the same way as the Landes of 
flascony were denuded of their pine- 
forests during the last century. 

The previously almost useless 
aspen, either for fuel or building, 
has attained to considerable impor- 
tance within the last few years as 
a material for paper-making. There 
arc already ten manufactories 
actively engaged in the preparation 
of this jiajicT in Russia, and twm in 
Finland ; and as vast reserves of 
this tree hai^e accumulated in the 
forests, it is expected to prove a 
source of great riches for many years 
to come. Timber, of course, is tho 
most valuable article exported, 
tliough resinous jiroducts and bast 
mats bring in a large sum. Tho 
Heotcli pine, spruce lir, bircli (for 
coach-building), and the oak, are 
the principal and almost the only 
I timliers cxiiorted. 


r 2 
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The Gold Medals placed at the 
disposal of the Royal Geographical 
Society by the Crown were in 
1875 awarded as follows : the 
Pounder’s Medal to Lieut. Wey- 
precht, for the enterprise and 
ability he has displayed in the com- 
mand of two expeditions to the sea 
Detween Spitzi^ergen and Nova 
Zembla; for his discovery of new 
lands in the same sea ; and for the 
scientific observations made during 
his voyages ; The I^atron’s Medal 
to M, Julius Payer, for the service 
he has rendered to geography by 
his explorations in the Arctic re- 
gions ; first, as member of the 
North German Expedition of 1869- 
70, in East Greenland, and after- 
wards, as second in command to 
Lieut. We3"j)reclit, in the two Aus- 
trian Expeditions to the Nova Zem- 
bla ISea of 1871 and 1872-4, during 
the latter of which he led the 
sledge-party in exploring the coasts 
of the newly - discovered Franz 
Josef-Land. 

Madagascar. — Joseph Mullens, 
D.D. — There has hitherto been a 
great lack of geographical informa- 
tion about the interior of Mada- 
gascar. Dr. Mullens and Mr. Lil- 
ians have brouglit home some beau- 
tiful specimens of cartography, from 
which a new map of the country 
they traversed has been prejwed. 
It is now' discovered that the cen- 
tral provinces of Madagascar have 
been the scene of volcanic pheno- 
mena on an enormous scale. The 
Ankarat mountains, which are visi- 
ble from the cax)ital, cover a space 
of COO scpiare miles. Tlic five 
central peaks attain a height of 
from 8,000 to 8,950 feet above the 
sea. In the neighbourhood of Lake 


Itasy, 25 miles beyond this extinct 
volcanic centre, is another extra- 
ordinary volcanic region, and here 
crater after crater is met ' with. 
Upwards of forty craters of varying 
sizes were visited and mapped by 
the missionaries, and others are 
supposed to exist beyond to the 
north. Fifty miles further soutli 
are three groups of volcanoes ; alto- 
gether, in one Journey, the tra- 
A’^ellers saw and counted not less 
than 190 extinct craters, extending 
over an arc of 90 miles, without 
reckoning the Ankarat range. 

This volcanic belt is continued 
north w'ard, and is evidently con- 
nected with the system of volcanic 
peaks Avhich form the islands of 
Nosibe, Mayotta, and Johanna, &c. 
The great Comoro is now the active 
vent, where eruptions on an enor- 
mous scale are frequent, while it is 
not improbable that there is also 
some connection with the more dis- 
tant volcanoes at Bourbon and 
Mauritius. Sir Bartlc Frere agrees 
with Dr. Mullens in considering 
Madagascar in remote ages to have 
formed a portion of that great sub- 
merged continent which some natu- 
ralists believe to have extended 
hence to the Malay Peninsula, of 
which a few peaks only now remain 
at vScychcUcs, Rodriguez, Mauri- 
tius, &c. 

Dr. Mullens believes the Mala- 
gasy people to be a single race, and 
that there is no evidence that the 
original inhabitants were Africans. 
He divides the Malagasy into three 
tribes, viz., the Betsimasarakas, the 
Sakalavas, and the Hovas. He 
shows the total population to haye 
been considerably over-estimated by 
former writers, and fjlaces it at 
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2,500,000. The Malagasy are a 
Malay people following Malay cus- 
toms, some of them possess Malay 
eyes, and hair, and features, and 
all of them speak a Malay tongue 
at the present hour. 

In August, 1 865, the mission was 
organised at the capital ; the then 
reigning queen was a heathen. She 
was succeeded by the present Ilana- 
valona, at whose coronation all 
symbols of idolatry were excluded, 
whilst the Bible was placed con- 
spicuously at her right hand. In 
February of the following year she 
was baptized, and on the 8th of 
September, 1869, the idols of the 
nation were, by her command, com- 
mitted to the dames ; and this was 
immediately followed by the de- 
struction of all the village and 
private idols by their possessors 
throughout Imerina. The fruit of 
tlio seed sown seventy years ago by 
the London Missionary Society had 
at length ripened. Siieli a reli- 
gious revolution has scarcely ]>een 
heard of. 

The fourth memorial clmrcli was 
oi)encd on March 28 th, 1874. The 
alteration in the Great Palace, by 
the addition of a verandah of stone 
pillars, and the stone towers or bas- 
tions added to it by Mr. Cameron, 
has thoroughly destroyed the more 
picturesque appearance of the timber 
structure of 1862, and the total 
absence of the steep-roofed houses, 
with long cross gable-ends, destroys 
one of the characteristic features of 
the city in earlier days. The Euro- 
pean-looking church at Ampamari- 
nana, with its campanile tower and 
wheel- windows of stained glass, and 
the spire of tho Iloj^al Church near 
the Palace, give the whole place a 
thoroughly European air, whilst 
Swiss and English-looking “ villas ” 
are springing up everywhere. 

Lake Tsad and the White 
Nile. — Dr. Nachtigall (British As- 
sociation). — The author has made 
an examination of the physical 


character of Lake Tsad, and of the 
remarkable dej)rcasions of the Bahr 
cl Cha/al and of Bodele, which lie 
east of it ; and also has investigated 
the nature and origin of the Shari 
river aud its branches, which are the 
main feeders of the Tsad. This lake 
or l)asin, covers an area of not loss 
than 10,500 English square miles, or 
has about the same extent as the 
island of Sicily. The interior does 
not consist of open water, two-thirds 
at least heiPg tilled np with islands. 
Travellers may cross the southern 
portion of the Tsad in s^jring and 
summer without being aware that 
they have passed through a lake, 
because the branches which separate 
the islands are tlien perfectly ford- 
able by beasts of burden. On tho 
central islands live the savage Bud- 
duma, on the eastern the Kuri, and 
from the north-east slioro many of 
tho })e()pl(i of Kancm have passed 
into the interior of the Tsad, their 
]u*opcr country having been rendered 
uninhabitable by the Arab robbers. 
Between the islands the Budduma 
pco^dc navigate their light boats, 
aud prove a constant source of dread 
to the shore peoples, but carry on 
some trade at si^ecial points in ivory 
aud in natron, which is found in 
many j)laees on the banks and 
islands, although the waters of the 
Tsad are everywhere sweet and fresh. 
Tho Borjui people carry this natron 
westward to the markets even be- 
yond the Niger. TIkj Tsad changes 
its outline continually ; its lowest 
stage occurs towards the end of 
June, aud it reaches its highest stage 
in the end of November. There are 
also lasting movements of change in 
rogress over the greater part of its 
asiu of depression which offer some 
exceedingly remarkable phenomena. 

The northern portion of the Tsad 
is extending itself gradually in wide 
bays, some of which are so recent as 
not yet to have received names from 
the Aral) nomads ; and on the 
western shore the waters have made 
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such advances during the past years 
as to cause the capital of the king- 
dom of Bornu to be ’trans}jlauted 
from the town of Kuka, wliich the 
waters threaten to inundate, to a 
higher ground farther north. A 
broad wooded valley stretches east 
and north-east of the Tsad. Both 
this valley, called tlie Bahr el 
Ghazal, and the valley of the 
Bodele are said to have been, in 
no very remote times, tilled with 
water aud connected with the Tsad ; 
at the present time the whole 
of their depressions are scattered 
with the dorsal bones of lish, and 
Dr. Nachtigall’s barometer observa- 
tions show that both are consider- 
ably below the level of the Tsad. 
8udi being tlie case, it is a question 
of the highest interest in pliysical 
eography how this great depression 
ecame disconnected with tlie 'Psad, 
aud to what causes the ^drying ^ip 
of this region are to be ascribed. 

Lake Victoria, Nyanza.— 
Lieut-. C^ol. C. C. Long (lioyal Geo- 
graphical Society). — (!ol. Long left 
Gondokoro on the 24th of April, 
1874, charged by Col. Gordon with 
a friendly mission to the ipowerful 
King of Uganda (King Mtesa), aud 
accompanied by two Egyptian sol- 
diers and two servants. The journey 
occupied fifty-eight days, at the end 
of which the party was rewarded by 
the sight the richly-cultivated cen- 
tral district of Uganda, appearing I 
like a great forest of bananas. King 
Mtesa received the envoy with great 
friendliness, and ordered thirty of 
his subjects to be decapitated in 
honour of the visit. Permission wixs 
given Col. Long to descend “ Mur- 
chison Creek” and view Lake Vic- 
toria. The journey from Mtesa’s 
residence occupied three hours, and 
the party embarked on canoes made 
of the bark of trees, sewn together. 
Cob Long sounded the waters of the 
lake, ana found a depth of from 25 
to 85 feet. In clear weather the 
opposite shore was visible, appearing 


“to an unnautical eye ” from twelve 
to fifteen miles distant ; he did not 
think he could possibly be greatly 
deceived in this estimate, Speke’s 
numerous islands being really the 
shore of the opposite side. After 
much iiegotiatiou and opposition, he 
obtained permission to return to 
Egyptian territoiy by water, and 
on the way, in lat. 1 *30, discovered 
a second lake, or large basin, at least 
twenty or twenty-nve miles wide. 
He found tlie Upper Nile from Ilipon 
Falls to Kariima Falls a lino naviga- 
ble stream large enough for the Grtat 
Eastern. He finally reported from 
Gondokoro (October 20) that Col. 
Gordon would soon have a steamer 
on Albert Nyanza, and intended also 
to move one to the Upper Nile 
above Karuma. 

On the Project for Letting 
the Waters of the Atlantic 
into the El Juf Depression of 
the Western Sahara. --Gen. Sir 
Arthur Cotton (British Association). 
— This x)t‘<^jeet originated with Mr. 
M‘Kenzie, a young engineer, who 
is now endeavouring by public 
subscription to olitain tho means for 
carrying into efleet a [preliminary 
survey. TheEl.luf depression wms 
believed to be an area of great but 
unknown extent lying below the sea- 
level in the interval lietwecn Tim- 
buctoo, the southern foot of the 
Atlas, and tbc west coast opposite 
the Canary islands. Its former con- 
nexion with the Atlantic was by 
means of the now dry bed of the 
Belta, situated on the coast between 
Capo Juba and Capo Bojador, and 
great hopes are entertained that, by 
means of a short canal or opening 
through a littoral ridge or elevation 
of no great width, tho El Juf may 
be again filled with water, so as to 
form a dee[) gulf or sea admitting of 
ships, carrying commerce and civili- 
zation into the heart of North- west- 
I ern Africa. The depression of tho 
I El Juf, according to Sir Arthur, is 
; “mentioned in several papers;” 
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but the only evidence adduced was 
that of a Capt. Riley, who was ship- 
wrecked on the coast, and after- 
wards taken j^risoner and carried 
across the hollow ! 

Mr. Donald Mackeuzie with refer- 
ence to this scheme lately had an 
interview with the Lord Mayor. Mr. 
.Mackenzie, whose principal coajutor 
appears to be Mr. Skcrtchley, pro- 
poses to remove the barrier of sand 
which now obstructs the month of a 
river opposite the Canaries, and 
asserts that the waters of the At- 
lantic will then fill up a tract of the 
Western Sahara, 1‘2(),(>00 square 
miles in extent, and enable vessels 
to get within a short distance of 
Timl)uktu. The Lord Mayor re- 
ferred to an “eminent” engine(‘r 
who considered this scheme to be 
easy of accomplisliment. Such an 
enterprise is utterly impracticable ; 
there exists no evidence whatever 
which jnstilies the assertion that the 
tract known as “El Juf,” or the 
belly of the desert, is dcpress(5d 
below the level of the ocean. Under 
any circumstances, table-lands of 
some height separate it from the 
Atlantic. Nor do we sec how the 
waters of the latter are to get to 
Timbuktu, or even within a reason- 
able distance of it, for that town 
lies J,2()() miles up the Migcr, and at 
a considerable elevation above the 
sea. 

Libyan Desert. — The topogra- 
phical results of (1. llohlfs’s expedi- 
tion are embodied in a map by W. 
.Jordan, one of the members of the 
expedition. This map constitutes 
a most important contribution to 
African geography. Its value is 
enhanced by the numerous geologi- 
cal and botanical note.s inserted upon 
it. Limestones of tertiary age and 
cretaceous rocks predominate, Nu- 
bian sandstones being limited to the 
region south of lat. 250'^ 30' north. 
A vast “sea of sand,” which Rohlfs 
crossed in a N.N.W. direction for a 
dista,noe of about 400 miles, on his 


road to Siwah, forms a striking fea- 
ture of the map. Tlie oasis of Siwah 
was found to be depressed 95 feet 
below the lev'^cl of the Mediterra- 
nean ; that of Araj, to the south- 
east of it, lies 240 feet below the sea- 
level. 

The Site of Pisgah. — .T. L. 

Porter — On Friday, the 

15th of April, 1874, I loft Ilesl)fln, 
with three companions. We rode 
across the rich plateau of Moab, in 
a south-westerly direction, for an 
hour and a (juarter, and then reached 
the edge of the plateau, where it 
begins to break down, in rocky irre- 
gular slopes, to the great valley of 
the .1 ordan . A littl e below the brow 
of the descent, about live miles from 
llcshbon, we ]>asscd through ruins 
covering several acres, 'i'hcy were 
of tlic oldest type, and consistcxl of 
heaps of large, ronghly-hewm stones, 
massive foundations of houses, wdth 
rude caves and excavations in the 
rocks. I asked our Arab sheikh 
the name of the ])lace, and he replied 
Khnrbet SiAghah, “the ruin of 
Siaghah.” I liad luwer heard tlie 
name ))eforc, and the thought at 
once occurred to me that it might 
be a corruption of the Hebrew 
Pisgab. In Arabic there is no P, 
but the other radical letters of the 
Hebrew WT)rd arc retained in SiAghali, 
1’hat there might be no mistake as 
to the name, L afterwards asked a 
sliepherd, and lie gave mo the very 
same name. 

The ruins lie on a gentle declivity, 
which descends to tlie wild ravine 
of Ay An MAsa ; while, on the south, 
is a steep ascent to a rounded hill, 
which projects boldly from the 
plateau of Moab, and commands an 
extensive view of Western Palestine. 
I asked the name of the hill, and 
the ^eply of our Arabs was Jebel 
SiHghah, “Mount SiAghah.” The 
summit of the hill seems to be a 
little higher than the table-land 
which extends up to it, rich in soil, 
and partially cultivated. From the 
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sutamit one gets the first full view 
of Jeshimon, or Wilderness of 
Juduia; and the whole topography- 
appeared to mo to correspond exactly 
with the narrative in Numbers xxiii. 
and xxiv. 

From the ruins of SiAgliah T saw, 
about due west, a rounded peak, 
connected with the N. W. side of 
Jebel Si^ghah by a low, narrow 
neck of land. We ascended the 
peak, and reached the summit in 
twenty minutes from 8iiLghah : the 
distance is thus about a mile. I 
found here the ruins of an old town 
covering the summit and sides of the 
hilL On the top are the remains of 
a Roman castle, with a large arched 
tank in the centre, now nearly filled 
with stones and broken columns. 
Outside the (iastlo arc ruins of an 
older date. The name of both peak 
and town is I^cba or Ncbbeh. Tlie 
summit of IS^cba 1 estimated at about 
4(K) feet lower tliaii Jcbcl Siaghab, 
but it (Neba) comniaiuls a inuelj 
fuller view of tlic Jordan valley, the 
Road Sea, and the plain of Jericho. 
Neba is uiupicstionably tlic town 
Nebo mentioned by Eusebius as six 
miles from Hc.shbon, towards J ericho, 
a i>osition exactly corrcsi)onding with 
that of these ruins. It is evident, 
too, from the Scripture narrative in 
Num. xxxii. 3 ; xxxiii. 47 ; Rent, 
xxxii. 40 and xxxiv. 1, that in the 
time of Moses, Nc1)0 was a town 
which gave its name to a section of 
tlie mountain ridge beside it; and 
such is the case still. 

I paid special attention to the 
view from Nebo, and compared it 
with that described in the account 
of the death of Moses. In the fore- 
ground, far below, lies the whole 
plain of Jericho, with the valley of 
the Jordan on the northern shore of 
the Read Sea, where the Israelites 
encamped, then called “the plains 
of Moab.” On the north is seen the 
range of Gilead, as far as its cul- 
minating point at Jebel Osha, the 
ancient Mizpah of Gilead ; but all 


north of that peak, including Her- 
mon, is shut out. On the north- 
west 1 saw, through the long vista 
of the Jordan valley, the heights of 
Naphtali and soutlxern part of 
Lebanon. TJie whole outline of 
Western Palestine from thence to 
Hebron is visible, but 1 could see 
no part of the Mediterranean. 

From Neba I rode, in half-an- 
hour, down a difficult zigzag path 
to Aylin Mhsa, “the fountains of 
Moses,” which spring up under a 
great cliff in the bottom of the wild 
glen to which they give their name. 
From the fountain the peaks of 
Siilghah and Neba are both visible ; 
and it was most interesting thus to 
find the names Moses, Pisgah, and 
Nebo still clinging to this S])ot. I 
think it highly probalJe that the 
fountains of Moses are identical with 
Ashdoth I.Tsgah, “the springs of 
Jh.sgah,” mentioned in Dent. iii. 17. 

Ashkelon. - Piofcssor Pusey 
lately called attention to the fact, 
that, just as tlicre were a (}aza afnl 
a Maiumas Gaza?, or “Gaza by tlic 
Sea,” so there were, in the sixtli 
century, at least, an Ascalon and a 
Maiumas Ascalon, each place having 
then a bishop of its own. He also 
pointed out that Benjamin of Tu- 
dcla speaks of the present Ascalon 
ixs the new town “built by Ezra 
the priest on the sea-shore,” four 
parasangs from the former place of 
tl)o same name, Lieut. Gonder has 
discovered that both i)laccs exist 
still. The ruined Ascalon by the 
sea-shore has been long known and 
frequently described. The site just 
discovered, called Khirbct Ascalon, 
is in the hills north of Beit Jibrin, 
near Tell Zakeriyeh. It shows re- 
mains of an early Christian church 
or convent, and a great lintel of 
stone, with a deeply- cut cross in 
the centre, resembling somewhat 
tlie cross of Malta, lies on the 
ground. Such lintels are to be 
found in all that class of ruins 
which date from the fifth to the 
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seventh century. It is twenty-three 
miles from the shore, which would 
seem to agree with the four para- 
sangs measured to Ashdod. Lieut. 
Condor concludes that the Ashkelon 
of the Bible, of Herod, and of the 
Crusaders, are one and the same 
place, distinguished from an early 
Cliristian site of the same name by 
the title of Ascalon Maiumas. The 
numerous Crusading fortresses in 
the great plaiu, which was the 
scene ,of so many coullicts between 
the English and Saladiu, have been 
pretty nearly all ideutilied in the 
course of the survey. . 

Bethabara. — The place where 
John baptised has recently been 
ideutiliod. Lieutenant ( bndcr points 
out tliat the site hitherto generally 
received, Bcthnimrah, is too far 
south, one condition being that the 
place must be within two days’ 
journey of Cana and Nazareth. lie 
Jjas examined all the fords of the 
.Iordan (theie will lu; hfty in the 
new map, against eight in Murray’s 
latest map), and finds one twenty- 
five miles from Nazareth, which not 
only seems to answer all the con- 
ditions but also preserves the name. 
It is called Makhadhct Abara, theg 
“Ford of the Crossing-over.” As 
Bethabara means the “ Town of the 
Crossing-over,” this identity of name 
might be met with at any of the 
fords, so that the identification 
must be supported on other grounds. 
Besides the condition of distance, 
the now site, however, is the ford 
over which the road down the Wady 
dalud to Gilead and the Hauran 
passes. Here the river-bed is more 
open than at other places, the steej^ 
banks of the valley are further re- 
tired, and a broad space is left, 
suitable for the collection of the 
great crowds which followed John 
the Baptist. 

The Cave of Adullam. — Lieut. 
Couder points out that the site of 
the celebrated cave must satisfy 
certain conditions iu which the 


caves at Khureithn, the traditional 
site, and those of the Heir Dubban 
both apjlbar to fail iu one point or 
other. Adullam was in the Shephe- 
lah : it was near Jarmuth and 
Socoh, between Oath and Bethle- 
hem. It was a natural stronghold. 
Its site must show the usual indica- 
tions of an aiicicut town with rook- 
ciit tombs, good water supply, and 
roads. It must have at least one 
habitable cave ; and the modern 
name must contain the essential 
letters of the Hebrew, especially the 
Ain. All these eoutlitious seem to 
be satisfied iu the site now called 
Ayd el Mieli. Ayd el Mieh lies in 
tlie nx)per part of the Wady Sumt 
(the Valley of Elah). On the 
western slope of this valley is a 
place named on Murray’s map after 
a kubbet called the Wely Mudkor. 
The kubbet itself stands on the 
north edge of ;i range wdiich rises 
5(K) foot abovu’i a valley, here a mile 
lo’oad. Tl)(i sides of the liill are 
sto<ip and cut into teiTacos. n’hc 
kubbet is sniTOundod by heaps of 
stones and ruins of indeterminate 
date. TJic rock is scarped and 
cpiarricd. There arc wells and stone 
troughs ; there are ancient tombs ; 
and tberc arc roads connecting the 
place with Hebron, Bethlehem, and 
'I’cll os Saliyeli. T’he name Ayd el 
Mich with an Ain preserves all the 
[ essential letters of tho Hebrew. 
As for “the cave,” tlicre is no 
single cavci’U ()f vast dimensions, 
and with winding i)assage8, as 
may be found at Kliureithn, but 
a scries of small caves, smoke- 
blackened and still inhabited, or 
used as stables. Lieut. Condor 
points out that the present troglo- 
dytic peasantry carefully avoid liv- 
ing iu the lar^e eaves, as being 
damp and feverish, as well as dark, 
and dreading the bats, scorpions, 
and flies which infest thorn. If thiSj 
identification be accepted, Lieut. 
Couder argues, that the adventures 
of David assume a consistency and 
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clearness wanting from tlie old tra- 
ditional sites. 

The ruins of Beit Jibrin (Betoga- 
bra), the Eleuthnopolis of the second 
and third century, Lieut. Oonder 
proposes to identify with Libnah. 
The following is the list from Joshua 
(XV. 42), with their proposed modern 
names ; — 

Libnah . . Boit. Jibrin . Lieut. Condor. 
Ether . . . Kh. Air. ... „ j 

Ashan . . . Kh. llazanah . „ 

Jlphtah j 

Ashnah . . Tclnah ,, 

Nozlb . . . Kh. Nusib . . Dr. Itobiu.son. 
Kcilah . . . Kh. Kilah . . „ 

Achzib . . KuasuhJ .... Lieut. Condcr. 
Mareshah . Kh. Merash . J)r. Jtobinson. 

Lieut. Condcr lays down a canon 
which he considers to be established 
by his own observations. It is that 
“the order of occurrence of the 
names in the topographical lists is a 
certain indication of relative situa- 
tion.” 

He argues that (^iath was at Tell 
es Safiyeh, the Blancliegardc of the 
Crusaders. Krom the survey cami) 
at Beit Jibrin 424 names were col- 
lected, and 180 square miles sur- 
veyed. The majority of the ruins 
arc early Christian, and there is an 
avernge of three ruins to every two 
square miles. 

The Turcoman Frontier of 
Persia. — Capt. the ilou. C. Najucr 
(British Association). — The frontier 
of Persia, on the side of the Turco- 
man steppe, is not delinitcly bxed ; 
the Persians claiming tlie whole of 
the valley of the Attrek, the 
territory up to the watershed of the 
tributaries of the right bauk of the 
river, whilst tlie llussians, who pos- 
sess an establishment at its embou- 
chure, exercise the right of owners 
on the lower part of its course. The 
Attrek is a stream of much im- 
portance, flowing along the north- 
ern foot of the mount^n chain and 
parallel with its axis ; near it is by 
far the best of the roads which lead 
from the capital of Persia to its 


north-eastern provinces, and it has 
acquired gi-cat interest for the geo- 
grapher and historian since the dis- 
covery of an ancient bed of the 
Oxus, with wdiich it was probably 
connected. The old bed of this his- 
toric stream is far to the south of 
that which the Russians are now 
taking so much pains to exjilore. 
Branching off from the present coui’so 
of the river at Chardjui, it trends 
cast as far as the Kurreu Tagh, 
through a l>reak, in which hilly 
range it passes in a southerly di- 
rection, and finally debouches in 
the Caspian at the mouth of the 
present Attrek. If we suppose that 
the Oxus howed along this bed iu 
classical times, the records of it in 
I aucieut authors, almost all of which 
are at present inexplicable, become 
cajiable of easy interpretation. 

On the Pamir Plateau and 
the Upper Waters of the Oxus. 
— C(d. T. K. Cordon (British Asso- 
ciation). — U'ho author was placed in 
command of a party to survey the 
1 mountaiuous region separating East- 
ern from Western Turkestan. The 
doubtful points in the geography of 
the region wdiich he set himself to 
«olvc were ; the ultimate direction 
of the Aktiisli stream (Ak-su), rising 
iu the Little Pamir aud flowing east ; 
the number and position of the 
lakes ; the culminating point and 
general character of the table-land ; 
the direction of the stream draining 
the mythical Karakul Lake; ami 
tlie position of the watershed divid- 
ing the waters flowing west into the 
Aral, and east into the closed basin 
of Central Tartary. Col. Gordon’s 
party, consisting, besides himself, of 
Capt. Biddulph, Capt. Trotter, Il.E., 
and Dr. Stoliezka as naturalist, left 
Y'augi-Hissar on their arduous errand 
on the 21st of March, 1874. Sigm 
of approaching spring were then visi- 
ble in the plains ; but iu the elevated 
regions which they had to traverse, 
all was locked in snow and ice, as in 
midwinter. The route lay T^sh- 
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kurgan, before reaching which they 
crossed three passes at an elevation 
of 12,850, 13,;3:iO, and 14,480 feet 
respectively. Beyond Taslikurgan 
they entered the Sirikul Valley, the 
average breadth of which was about 
three miles, and which they found 
peopled by a mixed population of 
nearly 3,000 souls, speaking the 
Persian lan^iage, and subject to the 
ruler of Kashgar. It is elevated 
10,250 feet above the sea-level ; the 
cultivation consists mainly of beard- 
less barley, legumes, &c., and wil- 
lows grow thickly along the streams. 
After extending south for some dis- 
tance, the valley bends towards the 
west, and there merges into the 
“ Taghdungbash ” Pamir ; the drain- 
age of the valley is into the Karkaud 
River. North-east of Sirikul lies 
the 4'aglianna plain, twelve miles 
long by seven miles broad, and tJiis 
is separated from the Kizil Art by a 
spur from the mountain ranges ; the 
latter plain is 180 miles long, and is 
enclosed on the east by a lofty 
mountain chain. It contains two 
lakes bearing the name of Karakul, 
the “Little Karakul” lying in the 
lower, and the “ Great Karakul ” in 
the upper end, the two giving off 
their drainage in opposite directions. 
The fact of the two Karakuls having 
been confounded in the reports of 
previous travellers had rendered the 
topography of the Pamir extremely 
obscure, and tlie discovery of the 
duality, with their op]_.)Osite drainage, 
was one of the most important re- 
sults of the expedition. The outlet 
of the Little Karakul Hows east- 
ward towards Kashgar, and that 
of the Great Karakul south-west- 
ward into the Oxus. The march of 
the party up the Ak-su, on the 4th 
and 5th of April, was made through 
snow and against a freezing wind. 
They learnt that the elevated Great 
Pamir was rarely passable, on ac- 
count of snow, before the end of 
June. The attempt was neverthe- 
less made, and wood’s Lake was 


reached on the 1st of May ; it was 
found entirely frozen over and 
covered with snow. According to 
careful observations made by Oapt. 
Trotter, the lake proved to be 18,900 
feet above the sca-lcvel, but moun- 
tain peaks near it rise 4,000 or 5,000 
feet higher. The watershed lies 
about eight miles above the lieatl of 
the lake, whence the fall is gradual 
to the cast; this point, 14,200 feet 
high, was regarded as the ciilminat- 
iug point of the I’amir ; hence, to 
the Aktash Valley, tlie distance was 
found to be about fifty-two miles. 
The auimals of the Pamir are the 
ovis i)olii, ibex, brown bear, leo- 
pard, lynx, wolf, fox, marmot, and 
hare ; all remaining throughout the 
year. 'Idio general result of tlie 
survey showed the Pamir to be a 
great, broad, rounded ridge extend- 
ing uortli and south, and crossed by 
mountain chains, having valleys be- 
tween them wliicli arc open and 
sloping towards the cast, but narrow 
and wntli a rapid fall towards the 
west. The word “ Pamir” signifies 
a wilderness. The party returned 
7’/d Taslikurgan to "Niirkand, arriv- 
ing there on the 2l8t of May. 

Ruins of Sigiri.— 'I'. H. Blakes- 
ley (Royal Asiatic Society). — The 
rock of Sigiri, in the north extremity 
of the Central Provinces of Ceylou, 
w'hicli rises some 500 feet above the 
surrounding plain, appears in early 
times to have constituted the citadel 
of a fortified position, surrounded 
by earthworks and moats, the sides 
of which were iu some parts ri vetted 
with stone. Two quadrangular 
areas have boon traced out, com- 
prising, together with the rock, a 
space of about GOO acres, aud de- 
fended not only hy the walls and 
moats above mentioned, but, on the 
eastern side, by a largo artificial 
lake, which was doubtless also used 
for the purposes of agricidtural 
irrigation. Extensive earthworks 
(bunds) for the diversion of running 
water into particular channels may 
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be traced in different directions for 
two or three miles. The locality 
has been for centuries thickly 
covered with jungle, and all that 
now remains of the lake is a swami), 
occupying only a portion of its 
former extent. But tlierc are still 
to be seen paintings on parts of the 
surface of the great rock of a very 
remarkable character, api)arently 
suggesting the existence of close 
relations between Cliiua and Ceylon. 
The author ascribes the earthworks 
and some of the bunds at »Sigiri to 
King Kasyapa the Parricide, who 
lived in the fifth centuiy of our era ; 
and the completion of the water 
arrangements to Parrdcrama Bahu, 
in the middle of the twelfth century. 
Earlier than either of them, indeed, 
as early as the first century, n.c., 
are, in his opinion, the walla of 
cycloiuc masonry, still to bo seen at 
Mapa-gala — a pair of rocks about 
half-a-inilc soutli of tlie rock of 
Sigiri. Uiut(‘.d with the rocks about 
the latter, the whole must have 
constituted a military i)()sition of 
almost unparalleled strength, con- 
sidering the appliances of Oriental 
warfare. 

Formosa. — From a report of a 
journey into the interior of Formosa 
made in the latter part of the year 
1873, it appears that the flat portion 
of the country is almost everywhere 
cultivated with the greatest care. 
The principal crops arc rice, sugar- 
cane, and sweet ijotatoes; and the 
minor crops, pea-nuts {Arachis hypo- 
gaia)f indigo, and areca palms. The 
mountain region, though very steep 
and rugged, was covered with thick 
tropical forest. Tree-ferns, as well 
as other ferns, grew luxuriantly ; 
and in places where there was a bit 
of level ground, Chinese had formed 
settlements around which they were 
growing rice, and were clearing 
patches of the hill-sides for the cul- 
tivation of tea. Formosa is the 
island from whence we obtain our 
supplies of the camphor of com- 


merce, but in the interior the trees 
which abound in the forests are said 
to bo left untouched, as the natives 
do not know how to make camphor, 
— Nature. 

New Guinea. — A triangulated 
survey of the east shores and seas 
of New Guinea, embracing a space 
of eighty-five miles of latitude and 
fifty-five miles of lougitude, has 
been completely finislied. It con- 
tains, in addition to, all the coast 
line and reefs, &c., being shown, 
more than 3,000 miles of separately 
fixed soundings. A running survey 
has been made on tlie northern 
shores of New Guinea, from East 
Cape to Astrolabe Gulf, an ap- 
proximate coast line of 700 or 800 
miles in extent laid down. It has 
been iiroved that a safe channel 
exists round the east end of New 
Guinea, by Avbich a new and shorter 
route than before known is opened 
11 ]) l)etw(‘cn Australia and (Jhina. 
This pa.Msage is not recommended 
for sailing vessels without a jiilot or 
local knowledge, but as a steam 
route (and steam is fast becoming 
the carrying power of the world) it 
has no drawi)acks. 

AiSliantee. — Messrs. Bamseyor 
and Kiiline (Nisbet & Co.) — Mr. and 
Mrs. Ramsey er, with their infant, 
and Mr. Kiihno were carried off 
by the Asliautecs. During their 
journey, they suffered terribly from 
the length of the marches and from 
scarcity of food. Tliey were also, 
when not travelling, fretpicntly 
secured by fetters. Their misery 
was increased by the gradual wast- 
ing away of the child, who died two 
months after the capture of the 
party. A messenger had been sent 
to the king to announce the serious 
illness of the child, and to ask for 
a milch cow. On the day of the 
child’s death, the messenger re- 
turned, accompanied by an am- 
bassador, wearing a large round gold 
plate on his breast. They wore 
followed by two soldier boys, bear- 
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ing six cUs of coloured cloth, a third 
■with a sugar loaf in a brass plate ou 
his head, and a fourth -with a stately 
ram. The king, Coffee Oalcalli, sent 
them greeting, and was grieved to 
hear of the illness of the child ; a 
milch cow could not be found, but 
the cloth, he said, would form a bed, 
and the ram and sugar would be 
useful ; he had also scut some gold 
dust, in value about nine dollars. 
Nor was it only the king who showed 
compassion for the captives in their 
grief. When the child was dying, 
the inhabitants of the town where 
they were detained, constantly came 
to make inquiries and offer sym- 
pathy, while the local queen brought 
eggs, and tried to comfort them 
with tlie assurance that if they saw 
the King the child would recover. 
When the hcart-strickcn parents 
were praying over their babe’s dead 
body, the people came to the door 
of the room, and looked sadly and 
earnestly at the corpse. Surely it 
is unjust to represent people capable 
of such manifestations of feeling as 
utterly wanting in heart and liu- 
manity. The death of the child 
occurred at Totorasc, where they 
halted for ten days. They had, 
during that time, little to comxdain 
of as regarded treatment. From 
Totorase they were taken to Aban- 
karo, a place nearer the capital, and 
remained there for six months. 
There they were joined })y M. 
Bonnat, a French merchant, who 
had also been captured by the 
Ashantees in their raid. 

At length, on the hth of December, 
1870, after several intermediate 
changes, the xjrisoncrs found them- 
selves in Ooomassie. 

The royal authority is maintained 
by a carefully organized system of 
espionage and the most relentless 
severity. The King has about a 
thousand kra, a word whicli signilics 
the king’s soul. They are put to 
death 'vdien he dies, and arc, conse- 
quently, extremely careful to watch 


over his safety. Should one of the 
kra die during the lifetime of the 
King, all his money and jewelry go 
to the monarch. Indeed most of 
the free people in Obomassie hold 
oflice of some sort, and on their 
death the King seizes their property. 
A xuiblic court is held every Friday 
for the trial of offenders. If the 
testimony is deemed insufficient, the 
accuser takes an oath that his evi- 
dence is true. If the accused per- 
sists in his innocence, ho is forced 
to chew a lucce of odum wood and 
afterwards to drink a jjitcher of 
water. If he is sick in consequence, 
he is deemed innocent, and the 
accuser is put to death. If, on the 
contrary, no ill effects ensue, the 
accused is considered guilty, and 
suffers capital punishment. 

The Ashantce code is terribly 
severe. The offences jjunished with 
death are of the most trivial nature. 
For instance, no one may whistle in 
Coomassie ; no egg must be allowed 
I to fall anti break in the streets ; no 
! droj') of palm oil may be spilt in the 
streets. Murderers are put to death 
with the most horrible tortures. 
On June 5, 1870 (say the -uTitors), a 
murderer, with his hands bound 
behind him, a knife through his 
cheek, and two forks luercing his 
back, was dragged by a rope past 
our rooms. Others had been thus 
I tortured already in various ways, 
the vital parts of the body not being 
wounded. ( ^iinmencing at mid-day, 
the X)unishmcnt increased in inten- 
sity till eight o’clock, when the poor 
wretch was gashed all ()ver, his 
arms cut off, and himself comi^elled 
I to dance for the amusement of the 
' King ].>efore being talcen to the x)laco 
of execution. Jf ho could not or 
would not dance, lighted torches 
wero,. ajqffied to his wounds ; to 
escape this excessive torture he 
made the greatest efforts to move, 
until the drum was beaten and the 
head cut off. Some victims thus 
lost several of their limbs, or were 
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I^ierced by an iron rod through the 
calves of both legs or other parts ; 
and yet murders were far more 
frequent here than in the British 
protectorate, ^ 

The King is by no moans so un- 
controlled a despot as is generally 
supposed. Nominally absolute, ho 
is, in most important matters, 
obliged to yield to the will of his 
council. This council, called Asan- 
tee Kotoko, is composed of the King, 
the Queen, the three first chiefs of 
the kingdom, and a few of the 
nobles of Coomassie. It transacts 
all ordinary business and tries all 
accused persons. The King may 
commute the punishment of death, 
but in some cases he is compelled to 
accept the decision of the council. 
In important matters all the chiefs 
are assembled, but they are sure to 
vote in accordance with the view of 
the council, for who would dare to 
oppose the Kotoko ? Had the King 
been free to act according to his own 
judgment, it would seem probable 
that war with the British would 
never have taken place ; but as it 
was with the Emperor Napoleon in 
1870, so it was to a certain extent 
with Coffee CalcaUi. If he wished 
to retain his crown he must fight. 
The captives say : — We believe that 
war had been decided on for months, 
and had been wished for and planned 
for years ; not by the King, but by 
his OTcat men, whose influence he 
could not resist, though his prede- 
cessor had made short work with 
any one attempting to dictate to him. 

The Sandwich Islands. — Isa- 
bella J. Bird.— These islands lie 
upwards of 2,000 miles south-west 
of San Francisco, and consist of 
fifteen islands, ciglit only being 
inhabited. The total area is about 
7,000 square miles, an<l the native 
population is under 00,000. There 
are besides upwards of 5,000 
foreigners. There is, however, a 
large native white pox)ulatiou, dc- 
gccudauts of settlers in the islands ; 


most of the Government offices— for 
the Sandwich group has a consti- 
tutional monarchy — being filled by 
whites of this class. The islands 
have for many years been pro- 
fessedly Christian in religion. Their 
official designation is the “Hawaiian 
Islands. ” Their climate for salubrity 
and general equability is reputed 
the finest on earth. It is almost 
absolutely equable, and a man may 
take his choice between broiling all 
the year round on the sea level on 
the leeward side of the islands at a 
temperature of 80° Fahr., and enjoy- 
ing the charms of a fireside at an alti- 
tude where there is frost every night 
of the year. The trade Avinds blow 
for nine months of the year, and on 
the windward coasts there is an 
abundance of rain, and a perennial 
luxuriance of vegetation. 

The largest of the islands is 
HaAvaii — its area is 4,000 square 
miles — but the capital, Honolulu, 
is on Oahu. Hawaii Miss Bird 
calls a huge slag, and the same may 
bo said of most of the other islands ; 
everywhere there are unmistakable 
signs of the fiercest volcanic out- 
bursts, and every now and again 
are the inhabitants reminded of the 
instability of the foundations of their 
lovely dwelliug-placc. 

Almost all the roots and fruits of 
the torrid and temperate zones can 
be grown ou the islands, though the 
flora is far scantier than that of the 
South Sea groups. The indigenous 
fauna is small, consisting only of 
hogs, dogs, goats, and an anomalous 
bat that flies by day. There are 
few insects except such as have been 
imported, and there is no great 
variety of bird-life. 

In Hawaii, as well as in others of 
the islands, the coast line is every- 
where broken by decxi “gulches” 
or ravines, often from 1,000 to 2,000 
feet in depth, running for miles into 
the interior, clothed from toj) to 
bottom of their nearly perpendicular 
sides with almost impenetrable vego- 
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tation, aud having the narrow 
valleys below raked by torront-liko 
rivers, which are often swollen to 
many hundred yards in breadth. 

All the principal islands of the 
group, being of volcanic origin, are 
more or less mountainous, ranging 
in extreme height from 400 feet in 
Kahoolawc to close on 14,000 in 
Hawaii, the loftiest island in Oceania. 
On tlie island of Hawaii are two 
active and at least two extinct vol- 
canoes. To the south of the Waimea 
plains violent volcanic action is 
everywhere apparent, not only in 
tufa cones, but in tracts of ashes, 
scoria?, and volcanic sand. 

Manna Loa, somewhat to tlic south 
of the centre of the island of Hawaii, 
is the highest active volcano in the 
world, rising to a height of 13,7()d 
feet. The whole of the south side 
of Hawaii, down to and below the 
water’s edge, is composed of its 
sloptjs, its base being ISO miles in 
circumference. Its whole bidk above 
a height of 8,00(1 feet is one fright- 
ful desert, though vegetation, in the 
form of grey lichens, a little withered 
grass, and a liardy asplenium, ex- 
tends 2,000 feet further up. The 
crater Mokuaweoweo, is six miles in 
circumference, 11,000 feet long, 
8, 000 feet wide, with precipitous sides 
800 feet deep. The crater appears 
to be in a state of constant activity, 
and at times overflows, carrying de- 
struction to the lowest level of the 
island. 

Tlie following description gives a 
vivid idea of the present condition 
of the crater ; — When the sun had 
set, and the brief red glow of the 
tropics had vanished, a new v’^orld 
came into being, and wonder .after 
wonder flashed forth from the pre- 
viously lifeless crater. Evcrywdiere 
through its vast expanse appeared 
gbnts of fire — fires bright aud steady, 
burning in rows like blast furnaces ; 
fires lone and isolated, unwinking 
like planets, or twinkling like stars ; 
rows of little fires marking the mar- 


gin of the lowest level of the crater ; 
tiro molten in deep crevasses ; fire 
in "wavy lines ; fire calm, stationary, 
and restful ; an incandescent lake 
two miles in length beneath a decep- 
tive crust of darkness, and whoso 
depth one dare not fathom even iu 
thought. Broad iu the glare, giving 
li<jht enough to read by at a distance 
of tbree-cpiarters of a mile, making 
the moon look as blue as an ordinary 
English sky, its golden gleam changed 
to a vivid rose-colour, bghting up 
the whole of the vast precipices of 
that part of the crater wdth a rosy 
red, ])ringiiig out every detail here, 
throwiug cliffs and heights into huge 
black masses there, rising, falling, 
never intermitting, leaping in lofty 
jets with glorious slxapes like wheat- 
slieafs, coiTuscating, reddening, the 
most glorious thing beneath the moon 
xvas the fire-fountain of Mokua- 
w'eoweo. 

On the east flank of Mauna Loa, 
about 4,000 feet in height, is the 
crater of Kilaiica, which lias the ap- 
pearance of a great pit on a rolling 
plain. 

But such a i)it I It is nine miles in 
circumference, aud its lowest area, 
which not long ago fell about 300 
feet, just as ice on a pond falls when 
the water below- it is withdrawm, 
covers six square miles. The depth 
of the crater varies from 800 to 1,100 
feet iu dilicrent years, according as 
the molten sea below is at flood or 
ebb. 

On the west side of Hawaii is an 
extinct volcano, Hualulai, 10,000 
feet high, which has only slept 
since 1801, when there was a tre- 
mendous erui3tion from it, which 
flooded several villages, destroyed 
many plantations and fish-ponds, 
filled up a deep b.ay twenty miles iu 
extent, and formed the present 
coast. 

Tlic largest extinct volcano in the 
world, Halcakala, is in the centre of 
the island of Manai, lying to the 
north-west of Hawaii. It is 10,000 



224 


THE YEAR-BOOK OF FACTS. 


feet in height ; its terminal crater 
is niueteen miles in circumference, 
2,000 feet deep, and contains nume- 
rous subsidiary cones, some of which 
are 800 feet high. 

The native population is dying 
out, at the fearful rate of something 
like 1,000 per year ; so that unless 
some counteracting circumstances 
intervene, it must in a very few 
years become entirely extinct. Cook 
calculated the population of the is- 
lands in 1778 to oe about 400,000 ; 
now the native population is under 
50,000. That the decay is to a con- 
siderable extent owing to contact 
with whites, there is no doubt. 

Journey across the Western 
Interior of Australia. — Col. T. E. 
Warburton (A thcnceurn ). — The efforts 
made within the last few years to 
explore the interior of Western 
Australia have proved unusually 
successful. Since 1878, Oossc, John 
Hoss, and Ernest Giles have pene- 
trated deep into the western wilder- 
ness ; and two travellers, John For- 
rest and Col. P. Egertou Warburton, 
have succeeded in crossing the whole 
region intervening between the cen- 
tral telegraph line and the western 
sea-board. 

The expedition originated in the 
public spirit of two colonists, Messrs. 
Hughes and Elder, who defrayed its 
expenses. Its leader, Col. P. Eger- 
tou Warburton, was born in 181.8, 
and, after many years’ service in 
India, he settled about 1 858, in Soutli 
Australia, where he was appointed 
to the command of the colonial 
police force, and on several occasions 
was led, by bis love of exploration, 
to pusli for several hundred miles 
into unknown parts of the colony. 

The expeditionary force left Ade- 
laide on the ‘21st ^September, 1872, 
and reached Alice springs, a tele- 
graph station in the very centre of 
the continent, on the 8rd of October, 
having travelled 1,200 miles, ^ At 
Alice spiiu^ the party was detained 
for over six months. At length on 


the 16th of April, 1873, they started, 
accompanied by seventeen camels, 
to whose services the success of the 
enterprise is mainly due. For about 
145 miles as the crow flies, as far 
as Mount Wedge (Gosse’s Bliiff 
Range), the country was found to be 
well adapted to stock-l)recding. 
There was abundance of grass and 
water ; and the scenery, in many 
places, is described as delightful. 
But beyond this range a change for 
[ the worse took place. Tiiere were 
still a few iiatches of grassland, but 
sjuangs were met with only at long 
i intervals, and the sandy and scrubby 
country was lightly dotted Jicre and 
tlicrewith clumps of casuarinas, and 
covered with the never -failing spiui- 
fex. In the beginning of September, 
the explorers entered^upon a great 
sandy wilderness, formed of sand- 
ridgos, 80 feet high, and 300 yards 
apart, but clothed with shrubs and 
flowers, acacias and eucalypti, use- 
ful as food for camels, but not fit for 
man. Water could be procured only 
by digging, and game was exceeci- 
ingly scarce. The six months^ sup- 
ply of x^rovisions, owing to the un- 
exx^ected length of the journey, be- 
came exhausted, and the travellers 
were barely able to sustain life on 
jerked camel-flesh and roasted acacia- 
nuts. The discovery of wells x^roved 
a matter of diffieulty, and Col. War- 
burton was undoubtedly justified in 
trying to “ catch ” natives to serve 
as guides ; but we must leave our 
readers to decide whether his treat- 
ment of a “ hideous old- hag,” whom 
he secured by “tying her thumbs 
Ijchiud her back, and lialtering her 
l)y the neck to a tree,” and whose 
“ sex alone secured her from puuish- 
meut,” because, in that by no means 
comfortable position, she set up an 
incessant howl, was the most judi- 
cious means of conciliating the good- 
will of the natives. 

After a sojourn of two mouths in 
this inhospitable region, the party 
at length reached a tributary to the 
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Oakover, and with it a more fertile 
country, though they were still at 
a distance of 150 miles from the 
nearest settlement whence provi- 
sions could be procured. Colonel 
Warburton by this time was worn 
out to such a degree, that during 
the latter part of his journey lie had 
to be tied at full length on the 
camel’s back ; his son was scarcely 
able to walk ; and the rest of the 
party — two Europeans, two Afghan 
camel men, and a native lad— had 
likewise suffered greatly in health. 
Out of seveuteen camels there re- 
mained now only three, and un- 
less assistance could be procured 
speedily, the party was doomed to 
perish almost within sight of their 
desired goal. Colonel Warburton 
decided, under these critical cir- 
cumstances, that the two strongest 
mcifpf the party, with two cainelB 
should make their way to the 
nearest station, whilst he, with the 
remainder, stayed behind at the 
Oakover in expectation of their 
speedy return. This was done. 
After an absence of sixteen days, 
the hoped-for relief arrived, witli an 
ample supply of x^rovisious and six 
stout horses, which took the worn- 
out travellers down to the coast. 
Colonel Warburton’ s receidiou by 
the colonists was of the most cuthii- 
siaatic nature, and the perseverance 
with which he pushed his way 
across one of the most inliospitalde 
tracts of Australia, the hardships 
and sufferings which he and his 
gallant jiarty sustained, entitle him 
to our sympathy, and to a foremost 
place amongst Australian exjdorers. 

Australian Exploration to 
the North of Fowler’s Bay.— 
Details concerning Mr. Giles’s in- 
vestigation of the country, lying 
about 100 miles from the coast-line 
of the great Australian Biglit, have 
come to hand. The country he 
examined seems almost useless for 
pastoral purx)oaes, the greater j)art 
of it lacing dense scrub, “ heavy red 


sand-hills with thick mallee, mulga, 
acacia, Grevilleas, casuarina, hakea, 
and spinifex.” For 220 miles the 
greatest suffering was endured from 
the want of water, the horses all 
dying, and the party only being 
saved by his two camels ; Mr. Giles 
8j)caks of the latter as “wonderful, 
awe-inspiring, and marvellous crea- 
tures.” He just touched the edge 
of Lake Torrens, aud from what lie 
has seen he judges that there exists 
a vast desert of scrub of a triangular 
form, the base of which is at or 
near the western shores of the lake, 
and the sides running north-wes- 
terly from the southern foot, and 
most x)robably west from the north- 
ern cone to an apex at no great 
distance from his starting-point, 
Youldch. It consists of two de- 
serts divided by a stri]) of open 
country about thirty miles broad ; 
the western one he has named 
Itichards’ Desert, and the eastern 
one Ivoss’s Desert, His starting- 
point was Youldch, 135 miles 
N. K.W. from Fowler’s Bay. At 
Pyleburg, sixty -four mih'S from 
this, is an (extraordinary native 
dam, and a clay tank, with circular 
wall five feet high around it, the 
work of tho aborigines. Mr. Giles 
is confident of being able to cross 
to the settled district of Western 
Australia. 

Mr. Lewis’s expedition to Lako 
Hope, Soutli Australia, has proved 
successful. Lake Hope he found 
Iierfcctly dry. Before completing 
Ids work, Mr. L(nvis jiroposcs eu- 
dcavouring to discover a route be- 
tween the south-west portion of 
Queensland and the north-west of 
Kew South Wales, with a view of 
establishing direct overland com- 
munication with the former colony, 

Temperature of the North 
Pacific Ocean. — A Thma corres- 
pondent on board H.M.S. Challeiign', 
describing tlie voyage from Cape 
York to Hong Kong says : — Tho re- 
sults so far arc very satisfactory, and 
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the Challenger has arrived in port 
with every store bottle and case in 
the ship lilled up. With regard to 
the temperature of the eastern seas 
visited by the Challenger^ they are, 
in fact, a chain of sunken lakes or 
basins, each surroundeil and cut off 
from the neighbouring waters by a 
shallower rim or border. The water, 
down to a depth equal to that on 
the border, is able to circulate freely, 
and gradually cools as we descend ; 
but the whole mass below, having 
no means of communicating with the 
outer waters, remains at the same 
temperature as that of tlie water 
flowing over the floor of the rim ; 
or, in other words, the icy- cold 
water travelling north along the 
floor of the ocean from the Antarctic 
Seas, which is found in all the deep 
open channels, cannot obtain admis- 
sion through or over the surround- 
ing rim. Tims, we can now affirm 
with certainty tliat the sea imme- 
diately east of Torres Straits, al- 
thougli having a depth of 2,450 
fathoms, is surrounded by an ele- 
vated rim, having no deeper water 
over any part of it than 1,300 fa- 
thoms, all the water below that 
depth being at a steady temperature 
of 35°. The Banda Sea, which is 
2,800 fathoms deej), is cut oft' at a 
depth of 900 fatlioms ; the Celebes 
Sea, which is 2,600 fathoms deep, is 
cut oft' at a depth of 700 fatlioms ; 
the »Sulu iSea, whicli is 2,550 fathoms 
deep, is cut off at a .depth of only 
400 fathoms, all the water below 
that depth being at a temperature of 
50°. On the other liand, we find 
that the Molucca passage is open to 
at least tlie depth of 1,200 fathoms, 
and the China Sea to 1,050 fathoms, 
the greatest depth yet obtained in 
them. 

From Mindanao by New Gui- 
nea and the Admiralty Islands 
to Japan. — H.M.S. Challenger . — 
The following deep sea soundings 
were made:— The greatest depth in 
the section, 2, 250 smiles long, from 


the Admiralty Islands to Japan, 
found on the 23rd of March in 4,575 
fathoms, between the Carolines and 
Ladrones. This is the deepest trust- 
worthy sounding on record, with the 
exception of two taken by the Tu$- 
carora off the east coast of Japan, 
in 4,643 and 4,655 fathoms respec- 
tively, but no sample of the bottom 
was procured on either of these 
occasions. A second sounding gave 
4,475 fathoms. The tube of the 
sounding machine contained an ex- 
cellent sample of the bottom, which 
was of a very peculiar character, 
consisting almost entirely of the 
siliceous shells of lladiolaria. Three 
j out of four Miller-Casella thermome- 
ters sent down to these depths were 
crushed to pieces Iw the enormous 
pressure they had to boar ; the fourth 
withstood the pressure, and regis- 
tered, wdicD corrected for the pres- 
sure, at 1,500 fathoms, the usual 
temperature for that depth, 34 ’5° 
Fahr., so that at that place there is 
a layer of water at that uniform tem- 
perature occupying the bottom of 
the ocean trough no less than 3,075 
fathoms (18, 450 feet, in thickness). — 
Nature. 

Dacotah.— General H. B. Car- 
rington (Britisli Association). — In 
the very midst of tlic North American 
continent, long known as a desert, 
and extending from the Mississippi 
on the east to the Kocky Moun- 
tains on the west, was the land of 
tlie Dacotahs. The geographical 
and physical features of this tract 
were’ long neglected by the American 
people. Upon the completion of the 
Union Pacific Railroad, a substantial 
station was needed for repair shops. 
Fort David Russell was built, and 
Cheyenne City sprang up as in a 
night. The geography of Dacotah 
is now under careful revision, as 
troops have been sent to protect the 
Indians from white encroachment, 
and examine the country with a vie^s 
to its final purchase. The territorj 
is hilly rather than mountainous^ 




GEOGRAPHY. 


227 


The Horn Mountains are a enow 
range, out on the west within the 
ne w subdivision, Wyoming Bad Lands 
constitute the larger portion of the 
surface, while the valleys that fringe 
the rivers are often of matchless 
fertility. These bad lands are largely 
lignite, and a low grade of wood- 
coal crops out in all directions. Lake 
De Smedt is bordered by scorise and 
volcanic debris, and its water is 
alkaline and useless. Almost in the 
centre of the territory is the region 
of the Black Hills, an exceptional 
group of peaks and ranges, sur- 
roimded on all sides by bad lands, 
but, through this very isolation, a 
charming retreat for Indians as well 
as wild game. The hills are drained 
hy tlie forks of the Big Cheyenne 
Iliver. These streams are not navi- 
gable, and many of them dry up in 
mid-summer. Within this encircling 
group is embraced all the new Eldo- 
rado which is now challenging the 
aggression of adventurers. Much of 
Dacotah is above the Dew Point, 
and with the exception of occasional 
mountain fever and rheumatism, 
disease is almost unknown. There 
is no limit to pine timber, but all 
other timber is scarce and liardly fit 
for fuel Sage brush and cactus 
predominate except in the valleys, 
and independently of the question- 
able gold element there is little to 
attract a worthy emigrant. Irriga- 
tion might redeem, however, some 
portions, as in Utah. 

Darien. — It is reported that the 
Government has despatched another 
Darien Expedition, under the direc- 
tion of Lieut. E. Collins, with a view 
to the connexion of the Atlantic and 
Pacific Oceans by a canal. lieut. 
Collins will examine tlie Wapipi 
route, the engineering difficulties of 
which will bo compared with those 
of the Nicaragua route. The latter 
has been sufficiently surv'eyed for 
the purpose, aud it was proposed on 
that route to utilize the river San 
Juan as a canal, reaching Lake 


Nicaragua by seven sluices. From 
the lake an outlet to the Pacific can 
be obtained by means of a canal with 
ten sluices. 

The Isthmus of Darien. — 
The Panama Inter Oceanic Canal 
Surveying Expedition, sent out by ■ 
the U. h). Government under Com- 
mander Lull, has returned to New 
York. They have demonstrated 
that the Isthmus route by the 
Chagres river is the most feasible 
one for the canal. This route ex- 
tends from Limon Bay on the 
Atlantic to Bay Waca del Monto on 
the Pacific. This line will he 
adopted by the Columbian Govern- 
I ment, and if the canal is attempted 
it will bo by this route. Columbia 
intends to ask the co-operation of 
Europe as well as America in its 
construction. 

Minnesota Valley. — Major J. 
K. Warren. — The writer argues 
that this valley was formerly the 
course of a great river which 
drained the basin of Lake Winne- 
peg, the drainage passing down the 
Minnesota and Mississippi to the 
Gulf of Mexico. At that time the 
existing outlet by Nelson’s Kiver 
to Hudson’s Bay could not have 
existed. The change in the direc- 
tion of drainage is explained, ac- 
cording to the author, by assuming 
a slow elevation of tbe southern 
portion of the continent, and a sub- 
sidence of the northern x^ortiou, the 
subsidence extending over a vast 
jjeriod, and, indeed, still going on. 

Dominica. — This island was 
formerly one of the chief coffee- 
producing countries, but of late 
years it has almost entirely ceased 
to grow the plant. The cajjabilities 
of the island, however, are appa- 
rently so great, not only for the 
cultivation of coffee, bxit also for 
many other food products, that the 
attention of the authorities has been 
directed to the matter. Mr. Prestoe 
has been commissioned to examine 
j and report on the prospects of the 
Q 2 
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island generally, and the best means 
of devdoping its resources. It is sad 
to find that an island so fertile and 
beautiful as Dominica, has, no doubt 
through the absence of European 
capitsd and energy, been allowed to 
drift almost into an unprofitable 
waste. 

Boiling Lake in Dominica. — 
This lake is situated in the forest- 
covered mountain behind the town 
of Roseau, 2,500 feet above the 
sea, and is two miles in circum- 
ference. The margin of the lake 
consists of beds of sulphur, and its 
overfiow finds exit by a waterfall of 
great height. 

The Trinidad Chronicle of May 
21 contains an account of a visit to 
the spring by Mr. 11. Rrcstoc, su- 
perintendent of the Trinidad Botanic 
(hardens. The lake lies in the 
mountains behind Roseau, and in 
the valleys around many .sonjfriercs^ 
or Bolfataras, are to bo met wdth. 
The Boiling Lake is a gigantic solfa- 
tara, with an excess of water- 
volume over the ejective power 
exerted by its gases and lieat. Jt is 
affected by a very considerable 
volume of water derived from two 
converging ravines which meet just 
on its north-west corner, and owing 
to the existence of a small hill im- 
mediately opposite (w'hicli has had 
the cfi'ect of diverting the course of 
the ravine-water into its present 
cliannel), the action of the solfatara 
lias caused the formation of a 
crater-like cavity, wdiicli is now the 
Boiling Lake wdtli its ])recipitous 
and ever- wasting banks on its north 
and south sides, of some sixty feet 
depth. The temjierature of the 
lake ranges from 180'’ to 190’ F. 
The point of ebullition seems to 
vary its position somewhat ; the 
water rising two, three, and some- 
times four feet above the general 
surface, the cone dividing occa- 
sionally into three, as though ejected 
from so many orifices. During 
ebullition i_a violent agitation is 


communicated to the whole sur- 
face of the lake. The sulphurous 
vapour arises in pretty equal den- 
sity over the udiole lake, there 
being no sudden ejection of gas ob- 
served from the point of ebullition ; 
there are no detonations ; the colour 
of the water is a deep dull grey, 
and it is highly charged with sul- 
phur and decomposed rock. As the 
outlet of the w'ater is constantly 
deepening, the surface of the lake 
must gradually become lower, and 
will ultimately be destroyed, and 
its character be changed to that of 
a geyser. It will then be gradually 
filled uj) by the reduction of the 
adjacent hill-sides, and innumerable 
solfataras will be formed in the 
j)lacc of the present gigantic one. 
Mr. Prestoe found no bottom with 
a line of 195 feet, ten feet from the 
water’s edge. One great result of 
the action of solfataras is the de- 
composition of the volcanic rock 
and the development therefrom of 
various kinds of gypsum. Mr. 
Prestoe tliinks that these large 
solfataras have had much to do in 
bringing about tlie present confor- 
mation of the district. 

Produce of Guayaquil. — The 
cultivation of cocoa [Theohrowa 
cacao) is being largely extended. 
New' plantations have been forme<l, 
and new' trees planted on the old 
estates, so that the average yield 
will be greatly increased. Another 
of the chief products of Guayaquil 
is indiarubber, or caoutchouc, the 
yield of which has however very 
much decreased of late, owing to 
the custom of destroying the trees 
to collect the gum, so that it has 
become necessary to go further into 
the forests in search of the trees^ 
which, together with the increased 
difficulty of transport, has added 
much to its first cost. 

Threatened Destruction of 
Caub. — The picturesque city of 
Caul), or Kaub, in Nassau, S.W. 
Germany, w’ill very sliortly, it is 
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feared, be crushed and destroyed by 
the disintegration of the mountain 
on which Guterfeld Castle was built 
in mediaeval times. The rocks whi ch 
threaten Caub arc not less than (iOO 
feet in height. Two rows of houses 
have been deserted, as no human 
power can prevent the catastrophe. 

True North. Compass (Sy- 
mons’s Patent). — It is not surli- 
ciently known that the compasses 
usually sold do not point to the true 
north or south pole of the earth, or 
agree with the positions represented 
upon maps. The magnetic pole not 
being identical with the geographical 
pole, which is the north point of all 
maps. 

The difference between tlie two is 
considerable, and is no doul)t often 
the cause of tourists losing their 
way. At tlic instigation of Mr. 
Symons, Mr. (Jasclla is juanu- 
facturing a corrected coinjjass which 
IX)ints to the true north. The ac- 
companying diagram represents the 
j)aths of two tourists, B and C, 
starting from the common point, A, 
for the common destination, 1). 
The black line ADD represents the 
path of the traveller B going by a 
true north compass, the dotted line 
ACE that of tlio other traveller going 
by an ordinary compass. 

.... E 



If the distance from A to I) be 
six miles, and the direction in which 
both travellers intended to go, north, 
the second traveller, C, would find 
that his ordinary compass had led 
him two miles west of the spot he 
meant to reach. 

The “Alert” and “Disco- 
very.” — Punctually at the time 
arranged, four o’clock iu the after- 
noon of the 29th May, 1875, the 
Alert and the Discovery^ accom- 


panied by the Valorous^ left Ports- 
mouth for their work in the Arctic 
regions. No better equii3ped 
exi)odition, it may be said, has 
ever left any country, and no pre- 
vious British expedition has ever 
been so universally popular. Every 
available point on land was occupied 
by spectators who had come to sec 
the departure of the expedition. 
The vessels in the harbour and the 
yachts and boats along the beach 
were dressed with Hags, and as the 
two ships stood out to sea their 
course lay through a perfect flotilla 
of craft of all kinds, whose occupants 
clieercd Cai)t. Nares and his com- 
I pauious on their way. Among tlie 
last messages received by Captain 
Nares was a telegram from the 
Queen “wishing you and your gal- 
I lant companions every success.” 

I The sliips arrived at Queenstown on 
Tuesday, the Alert and Discovery 
going on to Bantry Bay. The 
Valorous joined them, when the 
three proceeded on their way. 

The “ Valorous,” Tender to 
the Arctic Ships. — The Valorous y 
which accompanied tlie two Arctic 
ships, *the A lert and the Discoveryy 
as far as Disco, with coals and pro- 
visions, returned home in August 
last. Severe storms were met with 
in crossing the Atlantic, but all three 
vessels seem to have homo them- 
selves well, though the Alert and 
Discovery each lost a whale boat, a 
loss which was made up to them by 
the Valorous before leaving Disco. 
The Vahrous was the first to reach 
Disco, which she did on July 4, the 
other two not coming up till the 
6th. The ships remained together 
at Disco till the 15tli, the two ex- 
ploring vessels filling up from their 
consort as much coals and provisions 
as they vonld stow away. Mr. 
Kraup Smith, the inspector of North 
Greenland, liad orders from his 
Government to pay every attention 
to the expedition, and he carried out 
his instructions most thoroughly. He 
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provided the Expedition with sixty- making their way amidst icebergs 
four dogs and an Esquimaux. The throu^ the Waigat, or the passive 
Alert and Discovery having been put between Disco Island and the main- 
into complete trim, the Expedition land. The last hours with the 
left Godhavn on July 15, and on Expedition were thus described in 
the 16th the FaZorom* took leave of the report: — On Thursday, July 
her consort ships, after seeing them 15th, at 4.45 p.m., the Expedition 
fairly on their way to their work in left Godhavn, the Alert towing the 
the high north. The Danish officials’ Discovery, and the Valorous follow- 
reports as to the weather were fa- ing. The crow’s-nests were in their 
vourable, leading to the belief that places, and the boats (no longer on 
the navigation of Melville Bay and the skids, as when crossing the 
northwards would be comparatively Atlantic) were all hoisted up to 
easy. It is hoped that suitable davits. The surface of Disco Bay 
winter quarters will be found for the was like glass, and was all dotted 
Discovenj on the north shore of Lady over with icebergs of great size and 
Franklin’s Strait, from whence hunt- most fantastic shapes, while to the 
ing parties will issue. The Alert north rose the basaltic cliffs forming 
will then press onwards alone to the the south sliore of Disco, resting on 
north, landing depCts, building the yellow sandstones of the Miocene 
cairns with records at intervals of i)eriod, which contain coaL At mid- 
about sixty miles. The surest way night on the 1 15th the A passed 
of reaching the Polo, in Captain close under the landward face of a 
Narcs’ opinion, is not to risk failure magniheent iceberg, a cliff of daz- 
by pushing forward away from the zling white, the top covered with 
land. The ZctZ will probably winter gulls, which Hew up in a great 
in 84° and begin sledge travelling so cloud. On the other side, the berg 
as to get information of the country, rose to a peak 200 foot high, under 
and then in the summer of 1876 will which there was a grand arch, the 
push boldly northwards. The grand inner sides being of a deep, rich 
achievement will be done by a sys- blue. The sea was as smooth as 
tern of depots and auxiliary sledges, glass, and the sky, seen through tho 
enabling the foremost to be absent arch, was crimson tinged with gold, 
about 112 days, and to advance up- As we gazed ux)on this scene of 
Wards of 500 miles from the ship, wondrous beauty, the Valorous 
The Discovery, in the meantime, will liove in sight through the arch, her 
go on exploring and advancing dark hull and tall masts standing 
slowly. out against the sky. In another 

On the Progress of the Arc- hour there was a dense fog, which 
tic Expedition. — C. R. Markham cleared away towards morning, dis- 
(British Association). — After a long closing a fine panoramic view, with 
and stormy passage, the Alert and smooth sea and cloudless sky. On 
Discoi^ery arrived at iJodhavn, at the left were the high basaltic rockg 
the south-west end of the island of of Disco, with the opening of the 
Disco, on July 6th, the Valorous Waigat full of icebergs, ahead the 
having preceded them by two days, lofty mountains of the Noursoalj 
The embarkation of sledge-dogs, peninsula, and to the right the ^eis* 
transhipment of coals and supplies cliffs and precipices of Arve Prine 
from the Valorous to the expedi- Island. . . . The Valorous was tc 
tionary ships, and various scientific sail at four the next morning, and 
work, occupied ten days, and the proceed to a place on the Disco shor< 
two ships, en route to the Pole, were of the Waigat to dig for coal, anc 
last seen in the evening of the 17th, the discovery ships were to foUov 
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them two hours later. The 16th of 
Jul^ was, therefore, the last clay on 
which tho gallant explorers would 
see any of their countrymen, and 
Jiere I took leave of them. The 
Valor om sailed from Ilitonbcnk at 
4 A-M. on July 17th, the AUrt and 
i>wt*o?^cry following at 6. At I r.M. 
tho Valorous anchored off the coal- 
bearing cliffs on the Disco side of the 
Waigat. From the hills above these 
cliffs there is a magnificent view of 
icebergs streaming out of the Fos- 
sakatek fjord, at the head of which 
there is a grcjat discharging glacier, 
and amongst them the Arctic ships 
could once more be seen under cill 
plain sail, over on tho Greenland 
side of the strait. They were stand- 
ing down the Waigat (the Alert lead- 
ing), appearing and disappearing be- 
hind the liuge icebergs. At 5 p.m. 
the Valorous hoisted a signal at all 
three mastheads, “Farewell! Speedy 
return ! ” It was not seen for a long 
time, but at last the Dlscoren/ 
hoisted “Thank you,” and after- 
wards the Alert ran up the affirma- 
tive pendant. They continued to 
stand on, and were just about to 
disappear behind a point of Disco 
Island, when, at 0*15 i\M. the Alert 
hoisted a signal to tho JJiscovcri/y — 
“Do you wish to communicate?” 
A few minutes afterwards the Alert 
went about, apparently intending to 
beat up to windward and communi- 
cate with the Valorous ; and at G'JO 
p.M. she hoisted a second signal to 
the Disco very — “ Optional, beat up to 
windward,” we thought it was. 
Then a fog suddenly sank down on 
the water and hid both ships from 
sight. This is the last that the crew 
of the Valorous saw of the Arctic 
Expedition. 

I 4 atest News from the 
“ Alert ” and “ Discovery.” — 
C. R. Markham {Geographical Maga- 
zine.) — On leaving lUtenbenk Cap- 
tain Nares desired to communicate 
with tho ValoroicSy as he had sent 
no private letters by her. This was 


the signal which was not made out 
when the fog came on and separated 
the vessels. Whilst beating up 
towards the Valorous^ the officer of 
the watch, thinking he was going 
to weather an iceberg, stood on, but 
the ship drifted bodily down on it, 
and all the boats on the port side 
were nearly lost. The A Icrl scraped 
right along tho side of the berg, 
but providentially without serious 
damage. 

On the night of Saturday tho 
17th July, the fog was so dense 
that it was desired to make fast 
the ship to a berg, to await clear 
weather. They sailed quietly up 
to a hirgc solid-looking mass and 
lowmed tho ice boat with David 
Deucliars, ice-quartermaster, Reu- 
ben Francombe, maintop man, and 
two other hands, to make fast an ice 
anchor. Deuchars had, however, 
no sooner struck tho ice, wlien a 
haul crack was heard, followed by 
a tremendous ro])ort and a crash. 
'Jdie berg had calved, sending Fran- 
combe, who was actually standing 
on the calf, i lying out into the water, 
whilst Deuchars was thrown head 
downwards into a rent, by the 
rolling of the main piece, and the 
ice boat was nearly swamped by the 
commotion of the water. A boat 
w^as lowered, the men rescued un- 
hurt. It was a wonderful escape. 

On Sunday the Alert and Dis- 
covery were off the Omenata Fiord, 
with a fair wind and heavy rain. 
On Jnly 19, at midnight, they ar- 
rived off the little Danish settlement 
of Proven. Here they engaged 
Hans Hendrick as dog-driver for the 
Discovery, and fortunately he con- 
sented to come witliout his wife 
and family. Hans has served in 
the tliree American expeditions up 
Smith’s Sound. On Tuesday Proven 
Harbour was surveyed. Informa- 
tion was obtained hero respecting 
the season and the state of the ice. 
The whalers had not been able to 
get through Melville Bay at first 
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aud returned to ITpcrnivik. They 
made a second attcmjjt in about the 
lirst week in June, and got safe 
through. Northerly winds had been 
almost constant, so tliat there had 
been a remarkable clearing out of 
the ice. 

On leaving Proven, at 5 p.m. on 
Wednesday the 21st, the ships pro- 
ceeded to the far-famed “loomery” 
at Hope {Sanderson, the furtliest 
point reached by gallant old Jolm 
Davis in 1587. The (piaint name 
was given to this magnificent cliff 
by its discoverer in honour of one of 
his supporters, a merchant of Bristol. 

At {) A.M. of July 22 Ui»ernivik 
was reached. Tlie Governor’s wife 
is “Sophie,” a charming Greenland 
lady, whose ac<iuaiutance was made. 
The Alart brought her a present of 
a tea-service from 8ir Leo])old 
M‘01intock, Commander Markham ^ 
lias sent homo some very ancient 
flint implements taken out of old 
graves ucar Upernivik. The arms 
of the Eskimo, as far back as any- 
thing is known of tlicm, have been 
of bone, so that there can be scarcely 
any doubt that these flint instru- 
ments are very ancient. 

At 8 A.M. the expedition left 
Upernivik, but soon a dense fog 
made it necessary to take shelter in 
a small hay near Kingitok Island, 
the most northern Danish settle- 
ment. Here the Alert ran on a 
rock, and remained immoveable for 
five hours, getting off* without diffi- 
culty at high water. The fog having 
cleared up, the expedition shaped a 
course due west (true), for it had 
])een determined to make a dash 
through the middle pack. At 1 A. m. 
on Saturday, July 24, the ships 
made the pack edge, and at once 
pushed into the ice, which was very 
loose, not more than twelve inches 
thick and with lanes of water in all 
directions. Evidently all the ice 
formed during the winter had been 
diifted south by the northerly winds, 
and this new ice had been formed 


in the spring. It was an unpre- 
cedented open season. 

In tho afternoon of the 24th the 
first bear was sighted. At 11 a.m. 
on the 25th the ships got clear of 
the pack and entered the north 
water of Baffin’s Bay. The expe- 
dition had only been 34 hours in the 
ice, and 70 hours in going from 
Upernivik to Cape York. Former 
expeditions were 38 and 42 days 
struggling through the ice in Mel- 
ville Bay, before they sighted Cape 
York. The Discovery then went in 
shore to communicate with the 
natives to engage a second dog- 
driver, while the A lert proceeded to 
the easternmost of the Cary Islands, 
which she reached at midnight, 
July 26. One month’s provisions 
for 120 men, a whale boat, and the 
record and letters (brought home by 
the Pandora) were lauded during 
the night. The Dmovery hero 
joined the Alert, 

There was an extraordinary ab- 
sence of ffoo ice. At 6 a.m. on 
Tuesday tho 27th July the expe- 
dition left the Cary Islands and 
proceeded to Smith’s Sound, with 
the brightest prospect of an open 
sea, and of being able to obtain a 
high northern latitude. They had 
six weeks of navigable season before 
them, and the temperature of the 
water was 40'* Fahr. at 4 p.m. and 
remained so at 8 p.m. 

Character of the Polar Ice, 
and its Periodical Changes. — 
Dr. Joseph Chavanue. — That the ice 
will not be always the same in the 
same portions of the Arctic sea in 
different years, is a fact well known 
to all Northern navigators. Hence 
the difficulty and uncertainty of 
Arctic exploration. A bay or a 
sound may be cleared of ice one 
summer, and choked up the next — 
until “Open Polar seas” have be- 
come among students of Arctic 
voyages the “Mrs. Harris’s” of 
geography. It was therefore with 
Arctic authorities a subject of 
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anxious discussion as to how the ice 
would be in the dreaded Melville 
Bay, through which our expedition 
would, in the course of its voyage 
tJirough Smith’s Souud, have to 
pass. Smith’s Sound is sometimes 
so clear of ice that a whaler who 
sailed into it a few years ago be- 
lieved that he could have gone on, 
witliout much hindrance from ice, 
to “any latitude.” Kane, on the 
other hand, could only reach a point 
very little beyond that of Inglefield, 
while Hayes was forced to winter 
in a harbour thirty miles south of 
Kane’s. When such arc the changes 
of the ice (his b6te noire) the Arctic 
navigator very soon enters upon his 
troubles, and as he dcsceucls from 
the “crow’s nest,” his eye chilled 
and his heart sick with disappoint- 
ment at the sight of white ice fields 
on the very spot where his prede- 
cessor had found “sailing water,” 
he understands that in the frozen 
seas at least there is nothing certain 
unless til at nothing is certain. 

Mr. David Gray is the captain of 
a Peterhead whaler who seems to 
be imbued with a good deal of the 
scientific spirit of his famous prede- 
cessor in the Scame rough branch of 
commerce, Scoresby, skipper and 
divine. Kor thirty years Captain 
(j} ray has sailed the Arctic seas, and, 
being known to keep his eyes open 
to what is going on around him, he 
lias gradu^ly grown to be a prac- 
tical authority among Arctic men 
ill matters pertaining to his calling, 
and in places where geographers 
assemble. In Petermann’s MiUhti' 
lungen appears one of those sugges- 
tive letters which for some years 
past ho has been in the habit of ad- 
dressing to that journal. Its drift 
may be briefly summed up. Along 
the east coast of Greenland a con- 
tinuous stream of ice, borne along 
by the current, is continually pour- 
iug down from the direction of 
Spitzbergen, It was in this ice that 
the JJ amciy one of the vessels of the 


German East Greenland Expedition, 
was lost. In most years the whalers 
cannot reach the coast, but can sight 
the Capes and Headlands on the 
other side of this ice-stream. In 
favouralde years they will often ^ 
far north. Such a season was the 
one just closed. Capt. Gray pene- 
trated to the northward, apparently, 
of this icy barrier, and found, on 
the 9th of August, an “open Polar 
sea.” Capt. Gray considei-s, that 
had this been his business, or been 
consonant with his duty, he wuld 
have sailed northward for an inde- 
finite distance. 

Boats for the Arctic Eirae- 
dition. — These were built by WTiite 
of Cowes, and are of somewhat pecu- 
liar construction. The yawls and 
cutters have a planking of mahogany 
laid oil diagonally, which is payed 
over with marine glue and is covered 
with a coating of strong linen cloth. 
A hot iron is then passed over till 
the glue rises through the cloth. 
The outer planking, consisting of 
the best elm and Christiana pine, is 
put on in the ordinary manner. A 
cork belt is put on under the waist 
strake and covered wuth strong can- 
vas. Six boats are constructed in a 
similar manner, but are to be double- 
ended lilvc whale-boats. These will 
not have the cork belts, but will be 
provided with rails and hand-holes. 
Half a dozen ice-boats were also 
built, with a sheathing of cork 
tweeu the inner diagonal planking 
and the outer planking of elm and 
Xjine. 

Sledge Travelling in the 
Arctic Regions. — Admiral Sir 
Leopold M‘CIintock (Royal Geo- 
graphical Society). — Sledge travel- 
ling is limited to the spring months ; 
and even then it cannot be com- 
menced until there is sufficient day- 
light. Speaking from his own expe- 
rience in the yacht Fox, the pliant 
admiral described the hardships and 
the privations, frost bites, snow 
blindness, faces blistered by the 
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scorching sun, and rheumatism, 
which sledge travellers have to en- 
dure. On their return, they weigh, 
on an average, 12 lb. less than wlien 
they set out ; still, tliey are strong, 
and can walk for hours without 
fatigue, and their sight, for distant 
objects, is keener, if, added Sir 
Leopold, the men were not accus- 
tomed to the use of spirits, I tliiuk 
that except on special occasions tliey 
woidd be better without it, as nu- 
tritious food might be carried instead 
of it. 

“Polaris” Arctic Expedi- 
tion. — In a letter to the French 
Geographical Society, I)r. Bessels 
gives some of the scientific results 
'which were obtained. The position 
of the observatory was 81" 38' N. 
lat., 61" 44' W. long., and 34 feet 
above sea-level. Many careful ob- 
servations were made on the tides, 
in meteorology, magnetism, zoology, 
botany, geology, and with tlie pen- 
dulum, in order to determine the 
force of gravity. Unfortunately, iu 
’'the catastrophe which happened to 
the ship, many of the results of these 
observations were lost; nevertheless, 
enough was saved to afford a fair 
idea of the physical geography, the 
geology, the fauna and ffora of the 
region visited. 

The magnetic observations are 
more complete than any hitherto 
juade in the polar regions. The ob- 
servations on declination were made 
every hour for five months, and 
during three days in each month 
every six minutes. The western 
decimation was found to be 96", and 
the absolute declination 84" 23'. 

The observations on the tides 
were made every hour, and for three 
or four weeks every ten minutes, iu 
order to obtain the precise moment 
of the flux and reffux. High w^ater 
occurs alx)ut every 12h. 13m. ; the 
highest flux observed was 8 feet ; the 
lowest reflux, 2 ’5 feet ; mean of high 
and low tide, 3 ‘8 ; mean of spring 
tide, 5*47 ; mean of neap tide, 1*83. 


After having entered Smith Sound, 
a current was observed running 
southwards, the rate of which varied 
from 1*5 to 5 miles. This current 
carried with it much driftwood, all 
the specimens of which seen by l)r. 
Bessels were coniferous, with very 
close ligneous layers, indicating that 
the specimens came from a cold 
climate. 

The fauna and flora of Hall’s Land 
are very rich. Eight species of 
mammals were observed, twenty- 
three kinds of birds, fifteen species 
of insects, and seventeen species of 
plants. Of the mammals, myodes, 
spr. (pallas) and ovibos moschatus 
(Zimm. ) were found iu West Green- 
land for the first time. The greater 
part of the insects arc Diptera, of 
which one species is new. 

The geological formation of Polaris 
Bay and its neighbourhood presents 
only Silurian limestone, containing 
few fossils. At elevations of 1,800 
feet, not only was driftwood found, 
but also shells of molluscs {Mya,kc . ), 
of species which still exist in the 
neighbouring seas. On examining 
some of tlic small lakes which abound 
in the region, marine crustaceans 
were found to be living in these 
fresh w^aters. This is certain evi- 
dence of the gradual elevation of 
the coast of this part of Greenland. 

Wherever the country is not too 
steep, large numbers of erratic blocks 
are met with, of a kind quite differ- 
ent from the rocks on which they 
rest. There are blocks of granite, 
gneiss, &c., from South Greenland, 
and these blocks have evidently been 
borne, not by glaciers, but by float- 
ing icebergs ; a proof that at one 
time the current in Davis Strait 
had a difTerent direction, and passed 
from south to north. Dr. Bessels be- 
lieves that Greenland has been sepa- 
rated from the American Continent 
in a direction from south to north. 

Antarctic Exploration. — In 
1873 the German Arctic Society of 
Hamburg, presided over by Albert 
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Kosentlial, wlio lias contributed so thing but what appeared a oon- 
niucb to the equipment of polar ex- tinuous coast line, Dallmann has 
peditious, sent out an expedition to discovered a strait from fifteen to 
the south polar region under the eighteen nautical miles wide, with 
command of Capt. Dallmann. Some highlands between as far as the eye 
of the results of this expedition will conld reach, and an archipelago of 
be found in the recently published islands about sixty nautical miles in 
expedition of Stieler’s “ Hand- extent, which has been named after 
Atlas,” especially with reference to Kaiser Wilhelm. Two other deep 
Capt. Hallmann’s exploration of bays and many islands have been 
Craham Land, discovered by the discovered and named, and will 
whaling Captain Biscoc, in 1832. bo found on the map already re- 
At the place where Biscoe saw no- ferred to. 
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Typhoon at Hong Kong. — 

The typhoon at Hong Kong of Sep- 
tember, 1874, is the greatest calamity 
that has visited the crown colony 
since its establishment in 1 84 1 . The 
force of the wind during a cyclone 
or typhoon is always in direct pro- 
portion to the height of the mercury 
m the barometer. Now, the lowest 
reading of the barometer previously 
recorded at Hong Kong was during 
the typhoon of 1871, viz., 29-15; 
whilst at Macao, on the same occa- 
sion, the mercury fell to 28 ’39. But 
during the recent event, the reading 
at Hong Kong at 2-15 on the morn- 
ing of the 23rd was 28*75 according 
to one barometer, and 28*73 according 
to another ; whilst at Macao tiie 
mercury actually feU to 28 !— a fall 
altogether unprecedented in the his- 
tory of atmospheric reading in 
Cliina. 

Many points of interest are con- 
nected with the late typhoon. It 
was observed that the clock upon 
the tower at Peddar’s Wharf in 
Hong Kong stopped shortly after 
two, and it has been stated upon 
good authority that five or six other 
pendulum clocks stopped at the same 
hour. Now, this was exactly the 
time when the most violent throe of 
wind that was experienced through- 
out the entire night took place ; 
hence we are justified in assuming 
that, at the precise moment when 
the typhoon was at its height, a 
shock of earthquake probably oc- 
curred, pointing to the conclusion 
that the atmospheric disturbance 
induced physical disturbances in the 
crust of the earth. 

The rate of progression of the 
typhoon was twice as great as that 
of the West Indian hurricanes, which j 


have been computed ajb twenty to 
twenty -five miles per hour. 

At Hong Kong the S.W. monsoon 
blows from April to September, and 
the N.E. monsoon from September 
to April. It is during the change 
from S.W. to N.E. that typhoons 
usually occur. The theory is this. 
When the cold N.E. monsoon sets 
in suddenly it strikes upon a vast 
, tract of land in Southern China, and 
I on a portion of the China Sea warmed 
I by the mild breezes of the opposite 
monsoon, occasioning rapid precipi- 
tation or condensation of vapours, 
and an extensive vacuum where the 
rarefied air formerly was. Other 
air then rushes violently in to fill the 
vacuum, and strong breezes, some- 
times developing into typhoons, are 
the result. The reason of the gale 
as a rule blowing from the east is 
apparent. Inland of the coast line 
is a towering range of mountains, 
extending down to Cochin Cdiina, 
and effectually arresting the rush of 
air from that quarter. The open 
sea, therefore, is the only free point 
of access. The prevailing direction 
of typhoons at Hong Kong is, in 
point of fact, very nearly that of the 
N.E. monsoon just commencing, but 
possibly slightly diverted by the re- 
maining influence of the opposite 
monsoon. Hong Kong, Amoy, and 
Macao being just opposite to the 
opening between Formosa and Luzon, 
the full sweep of the wind rushes in 
unhindered towards them from the 
Pacific Ocean. Macao, however, 
fares worst, for it is situated pre- 
cisely wliere the typhoon is arrested 
by the high laud of the coast The 
lowest readings of the barometer 
are invariably therefore recorded at 
Macao. 
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Cyclones from the Trade- 
Wind B»egion.~Dr. W. C. Witfc- 

Austrian Journalof Meteorology). 
— Water resembles air in many of its 
movements. When a stream of water 
is met by another at right angles, a 
depression is formed at the point of 
interruption ; particles bordering 
this depression sink into it in obedi- 
ence to gravity, and particles at a 
greater distance move spirally in- 
wards. Besides rotation there is a 
progressive motion of the whole 
eddy, in the direction of the resul- 
tant of the forces of tlio two streams. 
In turbulent streams eddies Last a 
very sliort time ; they are filled up 
almost as soon as formed. In quiet 
rivers, on the contrary, the whirl 
continues for a length of time suffi- 
cient for observation. In the de- 
velopment of hurricanes, difference 
of air-density corresponds to differ- 
ence of level in water. Hurricanes, 
like eddies, are destroyed when the 
surrounding medium moves very 
irregularly, and wc should there- 
fore look to the neighbourhood of 
the tropics, where atmospheric con- 
ditions arc remarkably regular, for 
a region favourable to their growtli 
and progress. Near the northern 
boundary of the region of calms, 
the equatorial current begins at 
about *S., and Hhe polar meets it 
from about E. , nearly at right 
angles, so that in this respect also 
the development of whirls, like 
those in water at the junction of 
rivers, is favoured. The resultant 
progression, towards N.W,, becomes 
deflected as the storm advances, 
until, at a latitude where the east- 
ward component of the equatorial 
may be supposed to vanish against 
the westward component of the 
X^olar wind, an excess seems to re- 
main of the southerly over the 
northerly component, causing move- 
ment towards N. In still higher 
latitudes the more westerly equa- 
torial and northerly polar drive the 
cyclone in au easterly direction. 


Occasionally, when the uortherly 
component of the polar happens to 
be stronger than the soutnerly of 
the equatorial wind, as in the storm 
of October 10th, 1847, the system 
moves towards S.W. In the 
southern ^ hemisphere, as in the 
northern, the direction of rotation 
indicates an irruption of the anti- 
trade into the trade-wind. The 
equatorial current, or anti-trade, 
appears to be the strongest both^by 
its invasion of the trade-wind re- 
gion and by the direction of advance 
of the consequent hurricane. 

The Great Storms at Geneva, 
July 7, 8, 1875 (Journal de 
G(nteve ), — As midnight came on, 
though the heat was suffocating, 
and not a breath of wind stirred 
below on the streets, liglit objects 
oil the roofs of the houses began to 
be whii’led about and carried off as 
by a tempest of wind. At the same 
time a dull rumbling sound, resem- 
bling neither that of wind nor that 
of thunder, announced the approach 
of the thunderstorm, and at twelve 
midnight exactly it burst over 
(jJeueva in all its fury. An ava- 
lanche of enormous hailstones with 
no trace of rain w^as precipitated 
from the sky, and shot against op- 
jiosiiig objects by a tempest of wind 
from the south-west. In a moment 
the street lamps were extinguished, 
and in a brief interval incredible 
damage was inflicted, the glass and 
tiles of lioiiscs smashed to powder, 
trees strijqied of their bark on the 
side facing the west, and crops of 
every sort were in many places all 
but totally destroyed. The small- 
est of the hailstones were the size 
of hazel-nuts, many were as large as 
walnuts and chestnuts, and some 
oven as large as a hen’s egg. Some 
of the hailstones measured four 
inches in diameter. For the most 
jiart the hailstones were of a flattish 
or lenticular form, with a central 
nucleus of 0T6 to 0*40 inch in dia- 
meter, envelofied in several conoen- 
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trie layers of ice, generally from 
6 to 8, alternately transiparent and 
opaque. The flashes of lightning 
succeeded each other with so great 
rapidity from midnight till a few 
minutes after one aclock in the 
morning, that a mean of from two 
to three were counted each second, 
or from 8,000 to 10,000 per hour. 
Electrical phosphorescence was re- 
markably intense before and during 
the hail. The ground, animals, pro- 
minent objects, as well as the hail- 
stones, were strongly phosphores- 
cent. Immediately after the hail, 
ozone was greatly developed, the 
smell beinjg so pronounced as to be 
compared by nearly all observers to 
garlic. The incessant electrical 
discharges passed from cloud to 
cloud over a central point from 
which the hail fell, but thunder 
was very rarely heard. 

Construction of Lighting 
Conductors.— By Dr, R. X Maun 
{Meteorological Society ). — This paper 
dealt especially with the material 
and dimensions of conductors. The 
conditions which are insisted upon 
as indispensable to efficiency of pro- 
tection by the author are : — 1. Am- 
ple dimension and unbroken conti- 
nuity in the lightning-rod. 2. 
Large and free earth contacts, with 
frequent examination by galvano- 
meters of the condition of these to 
prove tliat they are not in process of 
impairment through the operation 
of chemical erosion. 3. The em- 
pl 03 rment of sufficient points above 
to dominate all parts of the build- 
ing. 4. The addition of terminal 
pomts to the conducting system 
wherever any part of the structure 
of the building comes near to the 
limiting surface of a conical space 
having the main point of the con- 
ductor for its height, and a breadth 
equal to twice the height of that 
point from the earth for the dia- 
meter of its base. 5. The avoid- 
ance of all less elevated conducting 
divergencies within striking dis- 


tance of the conductor, and espe- 
cially such dangerous divergencies 
of this character as gas-pipes con- 
nected with the general mains, and 
therefore forming good earth con- 
tacts. 

The “Times” Weather 
Chart. — ^The method of preparation 
of the chart seems simple enough, 
but it has been the fruit of much 
thought, as the problem of produc* 
ing, in the space of an |hour, a 
stereotype fit for use in a Walter 
machine was not solved without 
many and troublesome experi- 
ments. 

In the first place, a material had 
to be provided which would admit 
of being engraved rapidly without 
burr or chipping, and would, with- 
out further preparation, serve as a 
mould for type metal. Secondly, 
drill pantagraphs had to be adapted 
to engrave the linos, and to be 
furnished with a gauge so as to vary 
their depth at pleasure. 

The actual process is as follows : — 
The outline of the land is kept 
standing, and the composition is run 
in a mould bearing this outline on 
one face. The block, which is now 
an outline chart of the British Is- 
lands, is then placed under the 
pantagraph drill, which reduces the 
original drawing, furnished from the 
Meteorological Office, to one-fourth. 
The barograms and wind arrows 
are put on direct from the drawing, 
the figures and words by means of 
templates, in order to ensure uni- 
formity in the tyjje. 

The instant the block is engraved 
it is ready to be stereotyped, and then 
it is a simple matter to adapt it in 
the usual manner to the cylinder of 
the machine. 

Weather and Epidemics of 
Scarlet Fever. — Dr. Mitchell 
(Scottish Meteorolomcal Society). 
The object of the auSior was to de- 
termine whether, in the case of a 
disease which is strongly epidemic, 
the obedience to seasonal influences 
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would exhibit a steadiness and uni- 
formity of character, such as is pre- 
sented in the case of pulmonary 
diseases. In London there have 
been six epidemics of scarlet fever 
during the last thirty-five years, 
reaching their maxima in 1844, 1848, 
1854, 1859, 1863, and 1870. Curves 
were constructed representing the 
average weekly deaths from scarlet 
fever for each of these six periods. 
These curves were then compared 
with the curve for the thirty years, 
1845-74, the leading features of 
which are that it is above the aver- 
age from the beginning of September 
to the end of the year, and below 
the average during the rest of the 
year ; and that the period of highest 
death-rate is from the beginning of 
October to the end of November, 
when it rises to about 60 per cent, 
above the average, and the period of 
lowest death-rate in March, April, 
and May, wlien it is about 33 iier 
cent, below the average. 

On comparing the curves for the 
six short portions of the thirty-five 
years, each dealing only with four, 
live, or six years, witli the general 
curve for the long period or thirty 
years, a remarkable similarity is 
found to occur. They are all sub- 
stantially the same curve. The 
description of the general curve 
given above applies almost literally 
to every one of the six curves for 
short periods, and indeed so close is 
the correspondence that they all 
cross their mean almost in the same 
week of the year. In every case 
the maximum occurs in October and 
November. 

On the Apparent Connection 
between Sunspots, Atmosphe- 
ric Ozone, Rain, and Force of 
Wind. — Dr. Moffat (British Associ- 
ation). —In discussing ozone obser- 
vations from 1850 to 1869, the author 
observed that the maxima and 
minima of atmospheric ozone occurred 
in cycles of years, and that he had 
compared the number of new groups 


of sunspots in each year of those 
cycles with the quantity of ozone, 
and the results showed that in each 
cycle of maxima of ozone there is an 
increase in the number of new 
groups of sunspots, and in each 
cycle of minima a decrease. The 
ears of maximum ozone and niim- 
er of sunspots were generally dis- 
tinguished by an increase in the 
quantity of rain and the force of the 
wind. 

Periodicity of Rainfall in 
Relation to Periodicity of 
Solar Spots. — Prof. John Brock- 
lesby {Amer'mm Journal of Science), 
— The author finds a connection ex- 
isting between the variations of the 
sun-spot area and those of the 
annual rainfall, the rainfall tending 
to rise above the mean when tlie 
sun-spot area is in excess, and to 
fall below when there is a deficiency 
of solar activity. 

Periodicity of Hail. — Professoy 
H. Fritz {Central- Blatt far Agrihd- 
tar Clu'inie ). — The author finds that 
the seasons when hail is most fre- 
quent are those in which spots in 
the sun arc most numerous. On 
the other hand, the years when 
solar spots are at their minimum 
are characterised by the rarity or 
absence of hail. It has also been 
observed that when the aurora is 
very frequent during the winter, 
frequent hail-stornis occur in the 
following summer. 

Rain in the British Isles in 
1874.— (G. T. Symons).— The re- 
sults of observations carried on at 
about 1,700 stations on those islands 
shows that the average rainfall in 
the years 1850-9 was 32 T2; in 
1860-9, 35-74; and in 1874, 34-28. 
The rains of October the 6th were 
the most remarkablo of the year 
lvS74, and they had no equal since 
July 6th, 1872. At about eighty 
stations the fall exceeded two inenes ; 
I at twenty-eight stations it exceeded 
j three inches ; at Little Langdale it 
I was more than four and a half inches ; 
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and at Bryn Gwynant it was four 
and a half inches. 

Bain in 1876. — Mr. W. F. 
Denning sends us from Tyndale 
House, Ashley Down, Bristol, the 
following condensed summary of his 
observations of rainfall at this station 
in the south-west of England : — 

“Rainfall in 1875, 43*148 in. ; an- 
nual average, 32*048 in. ; excess over 
average, 11*100 in.; rain fallen in 
the 16 consecutive months ending 
November, 1875, 63*221 in. ; average 
of same period, 44*275 in. ; excess 
over average in 16 months, 18*946 in. ; 
mean daily fall during the 1 6 months, 
j 0*122 in. ; average daily fall of same 
period, 0*086 in. ; mean daily excess 
(on 518 days), 0*036 in. The excess 
on the past year was very large — 
larger, in fact, than had previously 
been recorded ; but the immense 
surplus over the average yield during 
the 16 months ending November last 
was much more extraordinary, 
amounting to 19 in. (nearly), which 
corresponds to 1,919 tons of water 
per acre. There were two remark- 
able periods, equal in duration, of 
very heavy and frequent rains, as 
under : — Nine weeks ending October 
7, 1874, 13*521 in. ; nine weeks ending 
November 20, 1875, 15*942 in. Thus, 
29^ in. fell during the 18 weeks 
specified. The aggregate fall of the 
whole 16 months nearly equalled a 
two years’ average, and is quite 
without parallel so far as I can find 
from existing records of rainfall in 
this locality. The averages given 
above are deduced from 20 years’ 
observations (1853-72) by Dr. Bor- 
der, F.M.S., of Clifton.” 

The Climates of the Present 
and Past and the Causes of 
their Variability. — Professor 
Duncan (Royal Institution). — The 
result of the action of dew and quiet 
rain falling on rocky surfaces is to 
be seen on old tombstones in country 
churchyards, where, except in the 
case of hard stones such as granite, 
ti is rarely possible to decipher epi- 


taphs after a lapse of a hundred 
years. The action of frost as a dis- 
integrator depends on the fact of 
water expanding when freezing ; on 
thawing, the contact formerly exist- 
ing between the crevices of the 
rocks and the flakes of sandstone is 
abolished, and there remains only so 
many pieces of shale in place of what 
had formerly been a compact mass. 
Plenty of evidence of this action 
can be obtained by visiting any cliff 
in the spring. 

Climate is determined by currents 
of air and water, by the high or 
low land in the neighbourhood, 
and to a certain extent by lati- 
tude and its relation to the direct 
influence of the sun’s rays. Of 
course, the etjuator, where there are 
fewer oblique rays, receives more of 
the sun’s lieat than the Polar re- 
gions, where the rays are more ob- 
licjue and have to pass through an 
intensely cold atmosphere before 
reaching the earth’s surface. Taking 
the Himalayas, the Southern Sahara, 
and South Mexico, as places within 
the same parallel, denudation in each 
of these districts is produced - by 
entirely different agents. In the 
Himalayas disintegration was tlie 
result of an astounding rainfall, 
nearly sixty feet in a few months, 
and so powerful is this ageufc, 
that tops of the hills are bare of 
soil, and great gorges have been cut 
in the sides of the mountains, which 
are formed of the hardest granite. 
In the Sahara, on the contrary, the 
denudation is the effect of the 
very powerful solar heat on a country 
destitute of sufficient moisture, 
whilst in South Mexico nature 
accomplishes lier purpose by an 
equal temperature resulting from 
sea on either side. 

Climate of Northern Siberia. 
— (Professor Koppon. )— The winter 
lasts eight months : in the middle 
of May the geese begin to come, and 
at the end of the month the river is 
open, in the middle of June the 
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air is filled with birds of passage, 
whose flight produces a constant 
rustling noise. The gardens are 
planted, though the thaw has not 
l>enetrated to a depth greater than 
a foot or eighteen inches. In 1 859 
nine pounds of barley were soti’u 
J une 17. The corn came up June 30, 
was in ear JiUy 29, and in flower 
August 15. The crop Was cut on 
September G, unripe, ovtdug to frost 
setting in, but yielded sixty pounds 
of grain. 

In the end of July the heat is 
very oppressive, with quantities of 

f nats ; the sky is generally clear. 

n the end of August cloudy days 
begin, with southerly wiuds, and in 
September the frosts commence. 
Early in October the river closes 
again. 

The great feature of the climate 
is the “purga.” The purga is a 
chaos of hard, driving snow dust, 
closing the eyes, stopping the breath, 
and forcing its way through yonr 
dress, while the force of the wind 
is such as to overturn man and rein- 
deer, and the traveller must stop 
and sit on his sledge with his head to 
the wind till the’storm is over. These 
storms seldom last less than twenty- 
four hours, and often hold for tlirce, 
six, or even twelve days with occa- 
sional intermissions. They occur in 
autumn and spring, not in winter, 
when the weather is for the most 
part calm. — Academy. 

Earthquake indicator.— 
(Scientific A iner lean ). — A simple de- 
vice has been for some time in use at 
the Cambridge Observatory, Massa- 
chusetts. Tiie great eipiatorial of 
the observatory is mounted on a 
massive granite pier, whose founda- 
tions extend far below the surface 
of the gi-ouud. The floors of the 
building are carefully kept out of 
contact with this pier, so that no 
tremor may be communicated to the 
telescope. The pier can therefore 
only be moved by actual motion of 
the earth. Four little pins, slightly 


conioal m form, are balanced— ftmall 
end down and large end up — on the 
upper face of the pier. They are so 
nicely pointed that it requires some 
skill and care to set them up. Once 
set up, only movements of the earth 
can throw them down. When 
thrown down, the direction in which 
they lie indicates the direction of 
the earthquake wave. 

Earthquakes.— Shocks of earth - 
quakes are more numerous and 
frequent than is generally sup- 
posed. As many of the slight ones 
were kpt to escape notice, P. Bertelli, 
formed the purpose of studying 
these specially. He has published 
the results of 5,500 observations 
made diuing a year, on pendulums 
suspended vertically, ana observed 
in several azimuths by means of 
fixed microscopes. Making out, in 
decades, tlie curve of microseismic 
(small earthquake) intensity for the 
whole year, ho finds that it does 
not agree with the thermometric 
curve, nor with the phenomena of 
tides, nor with tlie distances or posi- 
tions either of the sun, or of the 
moon ; but with the barometric 
curve there is agreement. In most 
cases, the intensity of the movements 
increases with the descent of this 
curve ; so tliat ( P. Bertelli says), 
gaseous masses imprisoned in the 
upper layer of the globe escajjo more 
easily when the weight of the atmos- 
phere diminishes. The agreement 
between the two curves (barometric 
and microseismic), does not appear 
in every case ; and the author attri- 
butes the movements of the |)endu- 
ium to other causes besides the one 
he has studied. In the true shocks, 
this movement is in several azimuths 
successively . — Emjlish Mechanic. 

Earthquake in Asia Hinor, 
May 11, 1875 . — Kdhiische Zeitimg. 
— On the 11th of May, at 5 A.M., a 
severe shock was felt at Smyrna 
which lasted several seconds. Two 
other shocks followed the same 
morning, and although many hoiisOs 
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were sbaken/ yet none felL It is 
thought that the centre of the earth- 
Ciuake was in the Sporacles Islands. 
According to other reports on the 
dreadful earthquake of the 3rd-5th 
of May in the interior, the sources 
of the Mteander river were indicated 
as the centre of the volcanic action. 
This point is situated in the canton 
of Ishikli, to the south of IJshak and 
Ahum Karahissar. The destruction 
was fearful at Ishikli : about 1,000 
houses were completely destroyed 
and several thousand people killed ; 
only about twenty dwelling-houses 
and two mosques were left standing. 
In the village of Yivril not one of 
3(K) houses is left, and about 450 
dead have been extricated from the j 
ruins. Not far from there an im- j 
mense chasm Inis formed in the 
ground, from wliicli is running a 
stream of hot water. The village of 
Yaka is likewise annihilated. In 
other villages, as Savasli, Karayapli, 
&o., the inhabitants escaped with a 
violent shock. 

Earthquake in South 
America.— May 18, 1875. — The 

region affected by the shocks co- 
vered five degrees of latitude, 
and was 500 miles wide. The 
shock extended along the northern 
range of the Andes. It was felt 
first at Bogota, the capital of New 
Granarla, thence seemed to travel 
north, gathering intensity as it ad- 
vanced, until it reached the south- 
east boundary line of Magdalena, 
where the work of destruction 
began, continuing as it advanced 
along the eastern boundary of 
Magdalena, following the line of 
the mountain range, and de- 
stroying in part or whole the cities 
of Cucuta, San Antonio, El Bosario, 
Salazar, San Cristobal, Sau Cayetano, 
and Santiago. The first premonition 
of the terrible visitation occurred on 
the night of May 17th, when a 
strange rumbling sound was heard 
beneath the ground, although no 
earthquake occurred. It travelled 


in the direction afterwards taken by 
the earthquake, and lasted only a 
few minutes. On the morning of 
May 18 a terrible shock occurred. 
It suddenly shook down the walls 
of houses, churches, indeed all the 
Xmucipal buildings, burying the citi- 
zens of the place beneath the ruins. 
Another shock completed the work 
of desolation. Three more shocks 
followed of equal intensity, but there 
appears to be no evidence that tliere 
were any openings in the earth 
(at least not in Cucuta), which on 
similar occasion 8 have engulfed build- 
ings and inhabitants. The shocks, 
with lesser force, however, seem to 
have been felt throughout the whole 
region of the earthquake for two 
days afterwards, extending to Car- 
tagena and the western sea-coast. 
To add to the horror of the calamity, 
the Lobotera Volcano suddenly began 
to shoot out lava in immense quanti- 
ties, or, as a correspondent writes, 
“ it sent out a mass of '.molten lava 
in the form of incandescent balls of 
fire into the city. ’’ 

Chameleon Barometer, its 
value as an Hygrometer. — 
A piece of filter paper soaked in a 
strong solution of cobaltous chloride 
(CoCljj) is blue when dry, and red 
when moist ; and is very sensitive 
to slight changes in the quantity of 
moisture in the atmosphere. 

It appears that the temperature 
has nothing to do with the colour of 
the paper, as it registers the same 
tint whether the day bo hot or cold. 

Such a x^aper is a handy addition 
to the thermometers, as you can see 
at a glance whether the air is wet or 
dry. 

Self-Recording Barometer. — 
Messrs. Bollond & Co. have devised 
an ingenious and simple clockwork 
arrangement by means of which a 
strq) of metallic paper x)assed round 
a drum is carried at a uniform rate 
beneath a point which each hour is 
brought against it. This poinli ex- 
presses by its vortical rise and fall 
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the height of the mercurial column. 
The paper baud is sufficient to last 
one week, when it is changed for a 
fresh one. 

Certain Small Oscillations of 
the Barometer.— Hon. \i. Aber- 
cromby (Meteorological Society). — 
These small oscillations of the 
barometer (sometimes called “pump- 
ing”) have long been associated with 
gusts of wind, but the precise nature 
of their action has not been deter- 
mined. The author gives two 
examples as typical : 1, window' 
looking south, wind nearly south, 
in strong gusts. In this case the 
lirst motion of the barometer is 
always upwards about 0 01 inch, as 
if the effect of the wind being ar- 
rested by the liousc was to coiiii)rcss 
the air in the room ; 2, a corner 
house, one window to the south, 
another to the w'est, wind south, in 
strong gusts. With the west window 
open, there are violent oscillations, 
but in this case the first motion is 
always dowmwards. On opening 
the south wundow' as well, the 
pumping ceases. The explanation 
seems to be, that tho wind blowing 
past tho west window draws air out 
of the room, but when tho south 
window is open as much air comes 
in as is drawn out, aud tho 
pumping ceases. It is well knowm 
that many acute diseases are aggra- 
vated by strong winds ; and tho 
author has observed this distress to 
be associated with the pumping of 
the barometer. He suggests tho 
following practical methods of pal- 
liation : if windows can be borne 
open, try by crossing, or otherwise 
altering, the drafts to diminish the 
distress. When, as in most cases, 
windows cannot he open, all doors 
and windows should be closely shut, 
as well as the vent of tho chimney 
if there is no fire ; and, if possible, 
the patient should be moved to a 
room on the lee side of the house. , 
The Tides. — Sir William 
Thomson (Glasgow Scicuc'c Asso- 


ciation). — The’ author defines the 
tides as motions of water on tho 
earth, due to the attraction of sun 
and moon. We give the name of 
spring tides to the greater tides ob- 
served about the full of the moon 
and new moon, and neap tides to the 
comparatively small rise about the 
time of half-moon. It is now known 
that the tides are affected by the sun 
and other causes, as well as by the 
moon. If there is any dependence of 
the weather on the phases of the moon, 
it is to a degree quite imperceptible 
to ordinary observation. The moon’s 
influence on the tides is about double 
that of the sun. The calculated 
effect ou the tides would be that, 
when tho sun and moon are on the 
sameor oppo.site sides of the earth, tho 
water should be three feet dee]jer, 
while it should be one foot deeper 
when they are at quarters. Their 
forces act together in the first case, 
and against each other in the latter. 
This produces tlie spring and neap 
tides. JXeferring to the question, 
why tlie wliole earth does not yield 
to the inliuence of these forces and 
get squeezed out of shape, the 
author gives the strongest contradic- 
tion to‘ the geological hypothesis 
that the earth has merely a solid 
crust and is molten in the interior. If 
this were so, the shell must be pre- 
tcrnaturally rigid in order that it 
might keep in shape. Unless it 
were scores of times more rigid than 
steel it would yield to the forces, 
aud take the form of equilibrium, 
aud there would be no such phe- 
nomena as tides. 

Mathematical Theory of the 
Tides. -y Sir W. Thomson (British 
Association). — Laplace discusses the 
imaginary case of an ideal rigid earth, 
rotating with the actual velocity, 
and covered all over with sea, the 
depth being any function of the lati- 
tude. He supposes the tide-generat- 
ing body (sun or moon) split into 
halves (moon and anti-moon), and 
I the two halves fixed on opposite 
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sides of the earth in the plane of the 
equator, and assies to the ocean a 
xmiform depth, which he first sup- 
poses to be then and then ^ 
of the radius of the earth, or roughly, 
2,000, 8,000, and 16,000 fathoms. 
With the greatest of these depths, 
he finds that there will be high 
water under the moon and anti- 
moon, the height being 1*92 of the 
height of the “equilibrium tide.” 
For the intermediate depth he finds 
a nearly similar position for higli 
water, its heiglit being much neater 
than before, namely, 11*27. For the 
smallest of the three depths, he finds 
that there will below wateruiiderthe 
moon and anti-moon, aud high water 
in the intermediate quadrants, the 
height of the tide being 7*4^1, and 
reckoned negative. This is for the 
equatorial zone contained between 
the two parallels of 18°. These 
two parallels will be nodal lines, so 
that the tides in the polar caps en- 
closed by them will be opposite to 
those in the same longitudes in tlic 
equatorial zone, and wiU, therefore, 
be positive. 

The increase from 1*92 to 11*27, 
followed by the change of sign to 
— 7*43, indicates that as the depth 
is supposed less, the amount of tide 
will increase, provided the depth is, 

f reater than a certain critical value. 

or that critical depth, the tide 
would be infinite, and would pass 
from positive to negative. The ex- 
planation of this startling result is, 
that for this particular depth the 
period of a free oscillation of the 
ocean would be equal to the period 
of the tide -generating force. 

Meteorological Observations 
in tbe Pyrenees.— W. de Fon- 
vielle {Nature ). — M. Buniof, the 
French aeronaut, made three balloon 
ascents from Pan, for the purpose of 
studying the state of the atmosphere 
during the cold spring of 1875. 
Thrice he started with a north wind 
at the surface of the earth, and 
thrice he wa& able to find an upper 


current blowing from the south. 
The last time he started at 1.30 p.m., 
he travelled upward until 2.30 p.m., 
moving southwards, when, having 
reached a higher level, he was car- 
ried northwards. He landed safely 
at 4 P.M. in the department of Gers. 

He found in his last trip on March 4 
that the wind was veering regularly 
with increasing altitude, and *was 
steady at certain levels, so that it 
was possible to go in any direction 
by keeping the proper altitude for a 
sufficient length of time. 

It was observed during the spring 
tliat the barometer was low with a 
nortliern wind, which is unusual. 
The three ascents of Duruof may be 
regarded as aff ording an ex])lauatioii 
of the fact, if w e siqipose the southern 
current to have been general at an 
altitude of 4,000 to 9,000 feet above 
the earth. 

The superior current on the 4th of 
March was carrying immense quan- 
tities of snow’ at a temperature of 
0° C. The snow rapidly melted in 
its descent, as tbe air w^as mild below. 
It is probable that this snow w’as 
caused by the influence of the Py- 
renean range, which is very cold. 

The southern aerial stream w’hich 
carried the balloon northwards was 
very thick. M. Duruof was unable 
to find its upper surface, although he 
reached the level of 1 1,000 feet. 

M. Godard made an ascent in the 
balloon “Saturn,” from Bayonne, on 
March 29, at half-past five, and was 
drifted over the Pyrenees. I'he 
trip was difficult, as the balloon w’as 
loaded with snow aud hail, and all 
the ballast had to be thrown over in 
order to keep the balloon afloat. 
The cold was intense, and the wind 
very strong. The landing took place 
at Azul Mayor, a small country tow n 
east of Pampeluna, at half-past 
seven. The grapnel having been 
broken, the aeronaut and the three 
passengers were severely hurt. This 
IS the first time that any balloon has 
crossed the Pyrenees. The “Saturn” 
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followed the French valley of the 
Nive, and the Spanish valley of Baz- 
tan on the southern side. An inter- 
esting observation was made when 
crossing the culminating point of the 
pass. The Larrat6ce Neguya was 
surrounded by cirro-cumulus, which 
resisted the force of the wind and 
seemed an obstruction in the way of 
aeronauts, who found it necessary 
to throw out a certain quantity of 
ballast, and to reach an altitude of 
0, bOO f e^et, in order to cross the sea 
of motionless clouds. A strong 
hissing noise was Jieard when travel- 
ling over them ; whether it was 
produced by tlie friction of the air 
on tlie peaks or on the masses of 
electrified vapours, can only be de- 
cided by another experiment con- 
ducted scientifically. 

Ascents of the “Zenith.” — 
W. de Fonvielle {Nature). — The 
longest aerial trip on record was 
made by the “Zenith,” a balloon 
which ascended from Paris on 
Thursday, 23rd March, at half -past 
six in the afternoon, and landed at 
Montplaisir, near Arcachon, 700 
miles from Paris, on the following 
evening at half -past five. The 
aeronaut was M. Sivcl, and the 
passengers were M. (lastou Tissan- 
dicr, M. Albert, his brother, an 
artist, and two other gentlemen. 

The balloon drifted southwards 
for a few miles, wlicn, crossing Paris, 
it deviated in a westerly direction 
before reaching the fortifications. 
It then travelled south-west during 
the whole of the night, crossing 
Meudon, Saiutes, &c,, up to the 
mouth of the Gironde, which w'as 
crossed at ten o’clock in the morning, 
600 miles having been run in 15^ 
hours. The wund, which was not 
strong, having gradually diminished, 
the crossing of the Gironde occupied 
not less than thirty-five minutes. 
As the sun became bright and the 
weather hot, a brisk wind blew from 
the sea towards the land, but only 
up to an altitude of 900 feet. The 


aeronauts took advantage of this 
current to escape the upper current 
drifting towards the sea, and fol- 
lowed the margin of the Gulf of 
Gascony by alternate deviations 
obtained by changes of level. 

Landing was accomplished without 
any difficulty by throwing a grapnel. 

A quantity of air was sent by an 
aspirator through a tube filled with 
pumice, saturated wdth sulphuric 
i^;id, in order to stop the carbonic 
acid and ascertain how many hun- 
dreds of grains are contained in each 
cubic foot. A series of experiments 
were made at different levels from 
2,700 to 5,000 feet, the utmost 
hciglit reached. 

At Paris, the air contained 37 
cubic centimetres of COg per 100,000; 
at a height of 2,700 feet 27 cubic 
centimetres, and at 3,300 feet 30 
cubic centimetres. 

The electricity of the air, tested 
with copper wires 600 feet long, was 
found nil, except at sunrise. It is 
known that at that very moment an 
ascending cold current is almost 
always felt. 

The minimum of temperature was 
about •+■ 25" Fahr. ; at Paris, on the 
same night, it was about -f 28" at 
the Observatory. 

The moon was shining brilliantly, 
with a few cirrus clouds that mani- 
fested their presence by a magnificent 
lunar halo, which was observed from 
live o’clock to six in the morning. 

Tlie phenomenon gradually deve- 
loped : the small halo (23") showed 
itself first, aud afterwards the large 
halo (46"), but as tlie aeronauts were 
at a small distance below the level 
where icy particles were suspended, 
tlie larger halo, instead of being 
circular, was seen projected ellip- 
tically. The dimensions of the 
smaller halo liad been somewhat 
diminished. The horizontal and the 
vertical parhelic (or rather para- 
selenic) circles crossing each other at 
right angles on the moon, a cross 
was seen in the middle of a circle, 
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and an ellipse concentric to it. The 
last part of the phenomenon was a 
cross, that remained longer than the 
two halos, which had vanished be- 
fore the rising of the sun. 

The “Zenith” was again sent np 
on the 15th of April in order to 
determine the quantity of carbonic 
acid contained in the atmosphere of 
an altitude of 24,000 feet. The 
“let go” was given at twenty-five 
minutes to twelve a. m. The captain^ 
was M. Sivel, and there were only 
two passengers, M Gaston Tis- 
sandier and M. Croce-Spinelli. The 
ascent took place gradually in a 
slight E.N.E. wind, the sky being 
blue but vaporous. The rate of 
jiscent was calculated to be nine feet 
per second, but diminished gradually. 
Shortly after one o'clock the altitude 
obtained was 22,800 feet, and the 
passengers were cpiite well, although 
feeling weak. The inhalation of 
oxygen jirodiiccd good restorative 
eliects when tried. Then a con- 
sultation took place, and the 
“Zenith” being in equilibrium, a 
quantity of ballast was thrown 
overboard. M. Tissandicr then 
fainted, and is ignorant of what 
was felt by his friends. 

At eighteen minutes past two he 
was awakened by M. Crocd-Spinelli 
warning him to throw over ballast 
as the balloon was fast descending. ■ 
He obeyed mechanically, and at the 
same time Croc6-Spinelli threw over- 
board the aspirator, weighing eighty 
pounds. Tissandicr then wrote in 
his book a few disconnected words, 
and again fell asleep for about an 
hour. When ho awoke, the balloon 
was descending at a terrific rate ; no 
more ballast was left to be thrown 
away, and his two friends were 
suffocated. Their faces had turned 
black, and the blood was flowing 
from their mouth and nose. They 
were evidently dead. It was a 
terrible situation. 

The only resource was to cut the 
grapnel rope a little before the 


instant when the car should strike 
the ground, w'hich Tissandicr did 
with astonishing coolness. The 
wind had increased in strength, and 
Tissandicr was obliged to tear open 
the balloon in order to stop it. It 
was caught on a hedge in the 
commune of Giron, 190 miles S.S.W. 
from Paris. 

The tragic fate of Sivel and 
Spinelli is to be ascribed to the fatal 
resolution of accomplishing, at any 
price, a height of 24,000 feet. 

The only instruments broken were 
the potash tubes for the absorption 
of carbonic acid. The experiment 
had been tried successfully ; two 
aspirators had been used, but the 
tubes were not lodged in their proper 
case. 

Careful readings were taken with 
the tliermometer, and, although 
diminishing, the temperature was 
high. 

Tlie temperature of the gas in the 
interior of the balloon was found to 
vary very little, owing to the heating 
power of the sun. 

The aeronauts had in their car 
maximum barometers in a sealed 
box, in order to test tln^ altitude in 
I which they were travelling. These 
tubes were tested in the laboratory 
of M. Herve-Mangou. 'fhey show 
that the height actually reached w^as 
14,000 mbtres, or eight miles. 

M. Tissandicr was slightly hurt 
in his fall. Great sympathy has 
been elicited for Sivel and Croce- 
Spinelli, who may be said to have 
spent their lives in the battle-field 
of the air. Sivel was formerly a 
captain of the mercantile navy ; his 
age was forty- two years. Croce - 
Spinelli was a pupil of the Ecole 
(Jentralc, and was thirty-two years 
of agC. 

Subsequently, M. G. Tissandicr 
stated to the Academy of Sciences 
that at the height of about 2,890 feet, 
the temperature being 0° C., the 
amount of COg per 100,000 parts of 
air was 24*0. 
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With reference to this lamentable 
misfortune, M. Faye has addressed 
a letter to the President of the 
French Academy, in which he pro- 
poses that the Academy should lix a 
limit of elevation, beyond which no 
ascent having a scientific object in 
view s^'ould be allowed to go, or its 
results received by them. ‘ * In my 
opinion.” he says, “the extreme 
height of 7,000 metres answers all 
the serious needs of modern science. 
The atmosphere extends, indeed, 
more than 28 leagues beyond that ; 
for the observations of shooting stars, 
of which the extreme point of in- 
flammations ’S nearly 120 kilomiitres 
(about 75 miles) in height, assign a 
thickness of 30 leagues to the aerial 
stratum which surrounds our globe. 
But of these 30 leagues, the first two 
only arc of importance, and it is not 
the exploration of a kilometre more 
or less winch can seriously influence 
the progress of science. Yet tliis 
kilometre the more implies the tem- 
porary annihilation of our faculties, 
and perhaps death. . . Observations 
made in danger of death, or whilst 
fainting is imminent, can be of no 
real benefit to science. There will 


still remain sufficient perils to face 
to please those intrepid souls to 
whom danger only forms one at- 
traction the more.” 
i Ballooning:. — Mr. Donaldson, 
the American aeronaut {English 
Mechanic ). — The lifting strain of a 
balloon is principally on the net. 
If a balloon will stand inflation it is 
safe in mid air. In winter the 
atmosphere is warmer one mile above 
the clouds than it is at the earth’s 
surface. The weight of a balloon to 
carry one man, including net and 
basket, should not exceed 80 lb. A 
cotton balloon will last for about 60 
ascensions. A balloon 30 feet in 
diameter undergoes a strain of 1^ lb, 
to the scpiare foot of surface. Gas 
which at the earth fills the bag only 
half full, will, at an elevation of 3^ 
miles, expand so as to fill it com- 
pletely. One thousand feet of coal 
gas will raise 38 lb. Gas which 
gives a poor light is the best for 
aerostatics. Kites can bo used to 
steer balloons by sending them up 
or lowering them into currents of 
air travelling in different directions 
from that in which the balloon is 
sailing. 
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The Government Eclipse 
Expedition to Siam. — F. E. Lott 
{Nature ). — The King sent several of 
his officials to assist us, and ordered 
such observations to be made at 
Bangkok as the chief of the expe- 
dition, Dr. Schuster, might consider 
of use to the expedition ; the King 
himself observed and made a 
drawing of the corona. Our camp 
and observatory v ere situated some 
fifty miles from the city of Bangkok, 
on the west of the Gulf of Siam, in 
the central line of totality. 

The eclipse itself differed from 
former ones in respect to the greater 
brightness of the corona and the 
smallness and fewness of the red 
flames. 

Two sets of instruments were em- 
ployed as telespectropes. The image 
of the corona, which appeared very 
distinct and bright on the slit-plate, 
although exposed during the whole 
of totjdity, gave no visible results 
on the photographic plate ; even the 
sun itself, exposed for two seconds 
for the purpose of obtaining an 
index, gave likewise no result. 

Numerous drawings were sent in 
by the Siamese, which will be very 
valuable. 

Solar Eclipse of 1876.— Dr. 

J. Janssen (British Association), — 
The author observed tlie eclipse of 
April, 1875, at Bangchall6 (Siam). 
He used a special telescope for the 
study of the corona. The results 
were— 1. The establishing that the 
line 1474 is infinitely more pro- 
nounced in the corona than in the 
protuberances. This line seems even 
to stop abruptly at the edge of the 
protuberances without penetrating 
them. The light, then, which gives 
the line 1474 belongs entirely to the 


corona. This observation is one of 
the strongest proofs which can be 
adduced to prove that the corona is 
a real object, a matter radiating by 
itself. The existence of a solar 
atmosphere situated beyond the 
chromosphere — an atmosphere which 
M. Janssen had recognised in 1871, 
and proposed to call the coronal 
atmosphere — thus receives confirma- 
tion. 2. Height of the coronal 
atmosphere. In 1871 Dr. Janssen 
announced that the coronal atmo- 
sphere extended from half the sun’s 
radius to a whole radius at certain 
jjoints. This assertion has been 
confirmed not only by the direct 
views of the phenomenon, but also 
by photography. At Dr. Janssen’s 
request Dr. Schuster took photo- 
graphs of the corona with exposures 
of one, two, four, and eight seconds. 
In this series of photographs the 
height of the corona increases with 
the time of exposure. The height 
of the corona in the eight-seconds’ 
photograph exceeds at some points 
a solar radius. (It is true that we 
ought to take account of the in- 
fluenceof the terrestrial atmosphere.) 
3. As the sky was not of perfect 
clearness at Bangchalld, Dr. Janssen 
observed phenomena that explain 
previous observations of echpses 
wdiich seemed to invalidate the 
existence of the corona as a gaseous 
incandescent medium. On the whole, 
the observations of the 5th of April, 
1875, have advanced us a fresh step 
in the knowledge of the corona by 
bringing forward new proofs of the 
existence of an atmosphere round 
the sun, principally gaseous, incan- 
descent, and very extended. 

The Solar Eclipse of April 
16th^ 1874. —Mr. Stone (Astrono- 
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mical Society). — Ths author had 
observed the reversion of the Fraun- 
hofer lines at the commencement of 
totality, and had detected dark lines 
in the faint continuous sijectrum of 
the Corona. His drawings agreed 
generally as to the outline of the 
(■orona, and indicated symmetry 
with regard to the Sun’s axis. 

The Sun’s Motion in Space. 
— Mr. Saflord, of the Chicago Ob- 
servatory, has entered on a new in- 
vestigation of this problem, founded 
on the assumption tliat the greater 
a star 8 proper motion, the nearer it 
is to us. The difficulty of this ques- 
tion is that, in order to find tliat 
movement of the sun which will 
account for as great a part as pos- 
sible of the proper motions of stars 
generally, it is necessary t(» make 
some assumi)tion as to the relative 
distances of the stars considered. 
Airy and Dunkin in their investiga- 
tions took a star’s magnitude as a 
guide to its distance ; but Mr. Proc- 
tor has given strong reasons, based 
on the proper motions of the star 
used, for concluding that this is not 
even approximately true, and Mr. Saf- 
ford has rejected this hypothesis and 
redetermined the solar motion from 
the proper motions used by Arge- 
lander, Galloway, and Lundahl re- 
spectively in their investigations, 
dividing the stars into groups of ten, 
for each of whi(;h the proper motions 
are nearly equal. The sun’s motion 
lieing then found from each group, 
on the assumption that the distance 
is inversely proportional to the pro- 
per motion, the accordance of the re- 
sults will be a test of the truth of 
tins hypothesis, while the amount 
of the proper motions thus accounted 
for will give an idea of the reality 
of the result arrived at. On both 
points the answer is satisfactory, 
and from these investigations Mr. 
Safford draws the following con- 
clusions : — 1. In studying the solar 
motion, the distances must be 
assumed with reference to the 


amount of proper motion and (ap- 
proximately) in inverse proportion 
to it. 2. The smaller proper mo- 
tions (0"* 13 or less annually) need 
careful study at this time. 3. There 
is some hope of using the solar mo- 
tion as a sort of base to advance our 
knowledge of stellar distances. 4 . 
The parallaxes of all stars whose 
proper motion exceeds 1" annually 
(about 60 in number), should* be 
systematically determined by a co- 
operative arrangement. — A cademy, 

Heliostat. — Samuel Wells (Bos- 
ton, U.S., Acad. Nat. Science). — 
This instrument is made frona a 
marine clock, capable of running 
like a watch, in any position ; the 
hands being removed, a pulley of ^ in. 
diameter is slipped on to the arbor 
of the hotir-hand ; on the woodwork 
at the top of the clock is fastened 
bearings for a small shaft, carrying 
at its upper end the plane mirror in- 
tended to follow the movement of 
the sun. On this shaft is a pulley 
one inch in diameter, deriving mo- 
tion from the pulley on the hour- 
hand arbor I)y a cord. A support 
attached to the side of the clock 
carries a subsidiary mirror directly 
above the revolving mirror. The 
clock is hung on a board, hinged so 
as to be capable of elevation to an 
angle equal to the completement of 
the latitude. The face of the clock 
is turned to the north. The revolv- 
ing mirror is adjusted to the de- 
clination of the sun so as to reflect 
the ray to the north. The ray is 
received on the subsidiary mirror, 
which reflects it in any requiied 
direction. 

Th© Sun’s Diameter. — Br. 
Fugh {AstronomisclieNachrichten ). — 
From considerations of the measures 
of the sun’s diameter made at Green- 
wich from 1836 to 1870, the author 
has ascertained that there is no ap- 
preciable compression, a conclusion 
arrived at several years ago by the 
present Astronomer Royal. 

The Sun’s Parallax. — Prof. 
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Galle. — The author has completed 
his reduction of the observations 
taken in both hemispheres near the 
opposition of the planet Flora in 
1873, when it approached the earth 
within about 0*87 of our mean dis- 
tance from the sun. The final re- 
sult for the parallax 8 "*873 corres- 
ponds to 23,247 equatorial semi- 
diameters of the earth, or, accordinpf 
to Oalle, 19,979,000 geographical 
miles of 15 to the degree of the 
equator. 

Prof. Galle remarks upon the close 
agreement of his result with that 
obtained by the numerous and very 
exact measures of the velocity of 
light, by M . Cornu, at the Observa- 
tory of Paris, with the theoretical 
determination of M. Lover rier from 
the perturbations of the planet Mars, 
and with M, Puiseux’s first result 
from observations of the transit of 
Venus at Pekin and St. Paul Island. 

M. Liais, Director of the Imperial 
Observatory of Rio de Jancrio, has 
intimated his intention to make a 
serious attempt to determine this im- 
portant element from the very 
favourable opposition of the planet 
Mars, which will occur early in 
September, 1877. The planet arrives 
at perihelion on the 21st of August I 
in that year, and in opposition at 
midnight on the 5th of September ; 
it is in perigee on September 2nd at 
a distance of only 0*3767, which is 
not far from the minimum. 

The horizontal parallax of Mars 
will attain a value which will be 
sensibly equal to that of Venus, 
diminished by that of the sun. With 
firm instruments and experienced 
observers, it is very probable that 
the amount of solar parallax may be 
determined by ditferential observa- 
tions of Mars at the opposition of 
1877, with a precision which may be 
comparable with that resulting from 
observations of a single transit of 
Venus. 

Minor Planets. — {Nature). — 
Flora has the shortest period of 


revolution, 1,193 days, and Sylvia 
the longest, 2,374 days; the corre- 
sponding mean distances, exj^essed 
in parts of the earth’s mean distance 
from the sun, being 2*201 and 3*482. 
The nearest approach to the sun is 
made by Phocea, 1*787, while Freia 
recedes furthest from him, the ajihe- 
lion distance being 4*002. We may 
add to these the following values 
near the extremes of distance : — 


Melpomene . 

lliatanco 
in Perihelion, 

. 1*796 

Clio . 

. . 1*805 

Victoria 

. 1*823 

Iris and Ariadne 

. . 1*835 

Eurydicc 

. 1*854 

Flora 

. . 1*856 

Polyhymnia . 

. 1*890 

V irgiuia , 

. . 1*899 

Sylvia . 

Distance 
in Aphelion. 

. 3*757 

Cybele 

. . 3*803 

I’ales . 

. 3*810 

Fiqdirosync 

. . 3*849 

Herrnionc 

. 3*882 


Polyhymnia has the greatest eccen- 
tricity, 0 *33998, and Lomia the least, 
0*02176; Pallas the greatest inclina- 
tion, 34'" 42', and Massalia the least, 
0" 41'. It will be seen that the 
difference of distance from the sun 
between Phocea in perihelion and 
Freia in aphelion is 2*315, corre- 
ponding to about 204,(K)0,000 miles. 

Satellites of XTranus. — I^rof. 
Holden. — It is well known that 
Sir W. Herschel sixty years ago 
announced that Uranus was accom- 
panied by six satellites ; but of the 
existence of four of these there has 
always been considerable doubt, 
since no one was ever able to cou- 
tii*m the observations of Herschel. 
In 1847 Lassell discovered two inte- 
tior satellites ; and since that day 
the four problematical satellites of 
Herschel have been generally dis- 
carded by astronomers. Professor 
Holden now brings testimony to the 
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iiigh excellence of Herschel’s obser- 
vations, as, by computing backward, 
be has shown that probably this 
distinguished astronomer actually 
observed the two interior satellites 
of Lassell (named by him Ariel and 
Umbriel) ; but that he was pre- 
vented from identifying them as 
satellites because his telescope could 
not show them on two successive 
nights. 

Saturn. — M. Le Verrier has pre- 
sented to the French Academy his 
theory of the planet Saturn. He 
has compared the results deduced 
from his theory with the Greenwich 
and Paris observations, the former 
commencing in 1752, the latter in 
1857. The agreement throughout 
is very satisfactory, the only dis- 
cordances being of a few (five or six) 
seconds of arc in tiie heliocentric 
longitudes in some of the early 
(;lrceuwich observations and in some 
of those made both at Greenwich 
and Paris between 1830 and 1844. 
When it is considered what a diffi- 
cult object Saturn is to observe 
well, when it is partly more or less 
covered by the ring, or rather 
rings, this cannot appear surprising ; 
and from the nature of the discord- 
ances in question, M. Lc Verrier 
believes that they are chiefly due to 
this cause. 

Mercury. — Dr. Zcillncr has de- 
duced some important conclusions as 
to the physical condition of this 
planet’s surface from measures of the 
intensity of its light by the use of 
his photometer. This instrument is 
a very beautiful application of the 
principle that if light be reflected 
from a smooth surface, such as a 
jdate of glass, inclined at a certain 
angle, it undergoes a modification 
of such a nature that the amount 
reflected from a second plate in- 
clined to it at the same angle varies 
as the plate is turned about the ray 
as an axis, being greatest when tho 
two plates are parallel, and nothing 
when the second plate is turned 


round through a right-angle from 
tliis position. Thus by turning the 
one p ate round, the light of a lamp 
may be reduced in any required 
degree till it is ec(ual to that of the 
heavenly object of which tho bright- 
ness is requiicch and tho angle 
turned through from the posi jion for 
extinction gives a measure of this 
brightness. Dr. Ziillner uses a 
rather more convenient arrangement 
than two glass plates : viz. , two 
Nicols’ prisms, hut the principle is 
the same. From his measures of the 
brightness of Mercury with this 
photometer, he concludes that the 
reflective power of this planet is 
much the same as that of the moon 
(being a little higher than quartz 
porphyry) ; and that the cliauge of 
brightness Avith the phase is just 
what would hold for a rough surface 
in which the average slope of the 
hills was 52'^ ; from this he infers 
that Mercury must therefore be with- 
out an atmospliere. The reflective 
power of tlie other i^lanets, with the 
exception of Mars, is very much 
larger, aud they have, therefore, 
probably^ very dense atmospheres, 
which reflect nearly all the sun’s 
rays. Maia would appear to hold 
an intermediate position — part of its 
light being reflected from its atmos- 
phere, and part from its surface. 

Cassandra. — The period of re- 
volution assigned to Cassandra for 
November, 1872, is 1598 '5 days. 
Several of the groups to which tliis 
planet belongs are now adrift, the 
elements not having been determined 
with suflicient approximation to 
1 kcej) them in view. The planet 
found by Dorrelly at Marseilles, 

I 1868, May 29, and that detected by 
Fogson at Madras on November 17 
in the same year, are thus situated ; 
both travel beyond the limits of our 
ecliptical charts, which contain very 
sma,ll stars. 

New Variable Star. — Herr B. 
Falb, of Vienna, lias discovered a 
new variable star, near Orionis, on 
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the night of January 31. The dis- 
covery was confirmed on the same 
iii^ht by Prof. Oppolzer at his 
private observatory, and on sub- 
sequent nights by the astronomers 
at the Imperial Observatory of 
Vienna. The star is visible with 
the naked eye. 

New Planets. — The ‘small 
planets discovered by Palisa at 
Pola, near Trieste, on March 18, 
April 21, and October 13, last 
year, have received the names 
Austria, Melibo), and Siwa, respec- 
tively. The only one still in want 
of a name is that discovered by 
Prof. Watson, in China, on October 
10, No. 139. 

Another new member of the 
minor planet group was discovered 
by Palisa at the Observatory of 
Pola, on Jan. 28, 1875. Its position 
at 8h. 42m. local time was in K.A. 
9h. 57m. 5(]s., N.P.D. 76° 14'. 

The planet is of the twelfth magni- 
tude. This discovery was made 
with a tele8coi.>e of 7| ft. focal length. 
It appeared of the 12th magnitude, 
and on 3 an 28, at llh. 23m. 47s. 
Pola mean time, under II. A. 
8h. 25m. 56s. 82, and Decl. + 

18" 17' 38 "4, with a daily motion of 
' ' Im. 6s. li.A., and + 2' *8 Decl. 

This planet (No.‘142) has received 
the name of Polana, in iillusion to 
the place of discovery, Pola, near 
Trieste. 

Planet No. 143 was detected by 
Palisa at Pola on Feb. 23. It has 
received the name of Adria. The 
large number of these bodies makes 
it extremely difficult to obtain ac- 
curate ephemerides for them all. 

Two new small planets (Nos. 144 
and 145) were observed on June 4th 
and 6th, by Prof. H. F. Peters, 
at Hamilton College Observatory, 
Clinton, U. S. 

M. Borrelly, on the 8th of June, 
detected a small planet, No. 146, 
which has receiv^ the name of 
Lucina. These he has named Vibilia 
and Adeona. 


No. 148 was discovered at the 
Paris Observatory on the night of 
August 7, by M. Prosper Henry. 
The same gentleman had previously 
discovered Nos. 125 and 127 in the 
year 1872. 

Transit of Venus— -Atmo- 
sphere of the Planet. — Professor 
C. 8. Lyman observed the planet 
Venus on the 8th of December, a 
few hours before its transit began, 
and found that from the time \^en 
it was 1" 50' distant from the sun’s 
centre, up to the time of its passage 
across its disc, it was apparently 
surrounded by a ring of light, which 
api)carance was due to the refraction 
of the sun’s light passing through 
the planet’s atmosphere on its way to 
the earth. This phenomenon was 
first observed by Prof. Lyman in 
1866, and will again occur in 1882, 
being repeated, m fact, as often as 
the planet approaches within the 
limiting distance above mentioned. 
When further from the sun than 
this limit, the circle of light becomes 
a segment only, whose size dimi- 
nishes as the planet recedes from the 
sun. 

Transit of Venus as seen in 
Japan. — Dr. Janssen (British As- 
sociation). — The expedition divided 
into two parts, the one taking up its 
station at Nagasaki and the other 
at Kobi. At Nagasaki Dr. Janssen 
observed the transit with an equa- 
torial of 8 inches aperture. He ob- 
tained the two interior contacts. 
He saw none of the phenomena of 
the drop or of the ligament ; all the 
aijpearances were geometrical. He 
observed facts which establish the 
existence of an atmosphere to Venus. 
He saw the planet Venus before her 
entry on the sun, wdth suitable co- 
loured glasses. This important ob- 
servation proves the existence of tlie 
coronal atmosphere. There was 
taken at Nagasaki a plate of the 
revolver for the first interior con- 
tact. M. Tisserand observed the 
two interior contacts witli a 6-inch 
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equatorial ; the contacts were sensi- 
bly geometrical. Sixty photographs 
of the transit on silvered plates were 
obtained ; and also some other pho- 
tographs (wet collodion and albume- 
nised glass). At Kobi (weather 
magnificent) fifteen good photographs 
of the transit (wet collodion and 
albumenised glass) were obtained of 
about 4 inches in size ; they will 
admit of being combined with the 
English photographs at the southern 
stations. The astronomical observa- 
tion of the transit was successfully 
made by M. de la Croix, who was 
provided with a (>-inch telescope. 
His observations attest the existence 
of an atmosphere round Venus. 

Mr. Stone, the (xovernment Ob- 
server at the Cape of (rood Hope (As- 
tronomical Society) says As Venus 
drew near to the sun’s limb he had 
seen, first, a faint ligament form, 
which gradually became darker and 
broader, until at last the planet 
appeared to be egg-shaped. He could 
only estimate the true contact by 
observing the time when the curva- 
ture of the limb of the planet ap- 
peared to be symmetrical and coin- 
cident with the sun’s limb ; lie had 
made use of a power of 220 and a 
very bright field of view. 

Mr. A. C. Russell, the Goverument 
Astronomer at Sydney (Astronomical 
Society) stated that he had not seen 
any black drop ; but for a few 
seconds before the moment of con- 
tact he had seen what he must de- 
scribe as a vibratory motion between 
the planet and the limb, and as soon 
as the contact had taken place a 
haziness came over the junction of 
the two which tlid not blot out the 
cusps, but the appearance was as if 
a piece of black w*ool had been laid 
over them. 

Soon after this, nearly all tlie ob- 
servers noticed a faint line of light 
round that imid of the disc of Venus 
which was off the sun’s limb. They 
estimated its l)readth at less than 
one second in diameter. Several of 


the photo^aphic plates showed this 
delicate bright line, and also a ring 
or halo of light round the part of the 
body of the planet that was upon 
the sun’s disc. The halo was seen 
by nearly all the observers, and ap- 
peared to be similar to a halo or line 
of light that had been observed by 
Mr. Huggins on the occasion of the 
transit of Mercury in 1861. There 
distinctly appeared to be an extra 
deposit of silver all round the dark 
body of the planet, as seen upon the 
sun in all tlie [photographs. He 
would have been quite prepared for 
an increase in the deposit of silver 
over tlie body of the planet, but this 
was outside the planet, and upon the 
sun’s disc. It was so marked that, 
lie said ho felt he could not accept 
the explanation offered by Mr. Stone 
in 1868 — viz., that it was due to 
contrast. One of the observers wlio 
had seen the black drop distinctly, 
and thought that its length was nearly 
a semi-diameter of theidauet, imme- 
diately started the handle of a 
.lanssen apparatus, and obtained 
sixty ihctnres upon the plate during 
the following minute, hut not one of 
them showed any indication of a 
black drop, and the line of sunlight 
separating the planet From tlie sun’s 
limb was perfectly sharp and hard, 
and, what was perhaps more re- 
markable still, it was only one- 
twentieth of the diameter of the 
planet, or three seconds across, 
wliereas the conviction of the ob- 
server was that it was some thirty 
seconds across. Another observer 
who saw tlie black drop, and esti- 
mated its lengtli aj about a semi- 
diameter of the planet, took pboto- 
graphs immediately afterwards, and 
in this case the photograph showed 
no black drop, but an arc of sunlight 
between the planet and the limb, 
one-twentieth of the planet’s dia- 
meter in breadth. 

As to the ring of light round tlie 
part of the planet that was off the 
sun’s disc, most of the observers saw 
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it, and estimated it at less than a 
second in diameter. They most of 
them also observed that one portion 
of the ring was brighter than the 
rest, this brighter portion appeared 
to be situated over the ])art of the 
limb which corresponded to the pole 
of Venus. He himself had distinctly 
observed it. It appeared to be even 
brighter than the limb of the sun. 
The halo of light that was round the 
part of the 'planet’s limb that was 
upon the sun’s disc was much broader: 
it was difficult to estimate its breadth, 
but probably it was about a fifth of 
the diameter of the planet. There 
could be no doubt about it. 

Mr. E. W. Pringle writes to 
Nature from Manantoddi, Wynaad : 
— “Owing to non-rcccipt of instru- 
ments from England, 1 had to fall 
back on a small 2^^" refractor by 
Cooke, of York, the definition of 
which is superb, even with a power 
of 5.S — that used on the occasion. 
^My station was on a hill nine miles 
from Manantoddi, about 800' above 
that place and ^1,000' above sca-lcvcl. 
The morning of the 0th was simply 
perfect. I missed first external 
contact, and watched anxiously for 
the internal contact. When the 
planet was about half immersed, the 
entire disc became visible, for the 
portion external to the solar surface 
was surrounded by a line silvery 
ring like a minute corona. This 
observation was verified by my 
brother, and the phenomenon was 
again visible at emersion As first 
internal contact approached I looked 
carefully for the ‘black drop,’ but, 
to my astonishment, the horns of | 
the sun grew nearer and nearer, and 
at last seemed to fade into the last 
portion of the before -mentioned 
silvery ring, without my seeing the 
smallest vestige of the far-famed 
‘drop,* or any apparent elongation 
of the limb of the planet. Had it 
existed to the extent of one-hun- 
dredth of the diameter of Venus, I 
am confident I should have seen it. ’* 


Lord Lindsay at the Mauritius 
missed the first external and first 
internal contacts ; the suu was not 
seen until Ih. 2m. after the first 
external contact, when it came out 
for a few minutes, when photographs 
and measures were obtained. It 
was not till 8 a.m. (local mean time) 
that it became fairly fine, and re- 
mained so with small periods of 
cloud obscuration until the end of 
the transit. Lord Lindsay took 27 1 
plates, out of which number, 
perhaps, 110 will be of value. One 
of his photographs shows the second 
internal contact beautifully. 

I The Thebes correspondent of the 
Daily News says, Venus appeared 
anything but a jn’omising subject 
for the purpose at first. She seemed 
literally to dance al)out the face of 
the sun, and her limb was jagged 
like a saw. They both appeared 
elliptical in an almost extraordinary 
degree, owing of course to refrac- 
tion, and they did not lose it entirely 
till they were at least 7” from the 
horizon. Gradually tlie limbs of 
both got more and. more defined, till 
Venus looked like a small black pea 
resting on a luminous disc. The 
sun, however, still remained some- 
what troublesome, particularly to 
the i^hotographers, and it was not 
till just before internal contact that 
he was really steady. The atmo- 
sifiicre of Venus was distinctly seen 
at certain periods. It showed as a 
pale white circle round part of her 
edge, and was totally different to 
the brilliant sunlight. The general 
remark was that it reminded us of 
moonlight. This caused a certain 
difficulty in estimating the true time 
of contacts, and perhaps any small 
discrepancy in observation may be 
accounted for by this phenomenon 
. . There is one curious coincidence 
to note, and that is, that no one 
seemed to have observed the black 
drop which has been so much talked 
about ; a faint haze was seen, and a 
few jets of black springing out from 
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each side of the point of contact, but 
nothing more. Certainly, the wea- 
ther could not have been more 
favourable just at the critical time, 
though, curiously enough, imme- 
diately after a haze came on, wliich 
would seriously have affected the 
results. Need I say that we are all 
thankful the observation has passed 
oft* so well, and if only the other 
stations to which expeditions have 
been sent are equally fortunate, the 
sun’s distance ought to be deftuitely 
settled. I fully expect tliat the 
appearance of the faint line will give 
rise to a long discussion in the 
astronomical world. One thing is 
certain, and that is that our atmo- 
sphere must have been very clear, 
and also that of Venus; clouds in, 
the planet must have intercepted 
the sunlight, and have prevented 
the formation of the luminous ring, 
or rather partial ring. At one time 
the whole planet, when it had half 


passed over the limb of the sun, 
was visible, reminding one of the 
dark part of the new moon on a 
clear night, f may say that the 
whole appearance of internal con- 
tact was (juitc unexpected, and the 
absence of the black droi) pnzzled 
every observer. 

Transit of Venus, Sun’s 
Parallax. — The first result of the 
Transit of Venus expedition has 
been obtained by M. Puisoux, but 
its value remains to be tested. 
Using the observations made at 
Peking and St. Paul, he finds that 
the sun’s parallax is 8'87ff'. The 
object-glasses of the instruments 
used in making the observations 
were SJ in. in diameter. Taking 
the data given by the ol)servers at 
the same places with instruments 
having object-glasses of 6 ‘4 in. 
diameter he finds that the “tenth” 
is the same, but the hundredth less 
by one or two units. 
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MECHANICS. 


Address delivered before the 
British Association at Bristol, An- 
gnst 25, 1875, by Sir John Hawk 
shaw, F.R.S., President. 

The history of the art of the en 
dneer, like that of many other 
branches of knowledge, is one of 
rapid growth during the last cen 
tury, following a slow and broken 
progress from the times of earliest 
civilisation. It has repeated its 
inventions in different ages. 

The ancient Egyptians had a 
knowledge of metallivgy, much of 
which was lost during the years of 
decline which followed the golden 
age of their civilisation. The art of 
casting bronze over iron was known 
to the Assyrians, though it has only 
lately been introduced into modern 
metallurgy j and patents were 
granted in 1600 for processes con- 
nected with the manufacture of 
glass, which had been practised 
centuries before. 

Even rattening is by no means a 
modern practice, for (on the au- 
thority of Pliny) we learn that “an 
inventor in the reign of Tdierius, 
who devised a method of producing 
flexible glass,” suffered the destruc- 
tion of nis manufactory “in order 
to prevent the manufacture of cop- 
er, silver, and gold from becoming 
epreciated.” 

The history of the Suez Canal 
furnishes examples of the repetition 
of blunders and obstacles from want 
of knowledge of what had been pre- 
viously done. It was asserted that 
a difference of 324 feet existed be- 
tween the level of the Red Sea and 
that of the Mediterranean. La- 
place denied this ; but centuries be- 
fore his time a fear of flooding 
Egypt with the waters of the Red 


Sea made Darius, and in later times 
again Ptolemy, liesitate to open the 
canal between Suez and the Kile. 
Yet this canal was made and was in 
use some centuries before the time 
of Darius. 

Early in the growth of societies, 
men of learning perform multifa- 
rious services ; thus mathematicians 
and astronomers, painters aud sculp- 
tors, and priests, performed the 
duties of the architect aud engineer. 
But the extension of art produces 
specialisation, and we And men of 
ability and learning devoting a great 
part of tlieir time to building and 
architecture, and tl)e post of archi- 
tect became one of honour and profit, 
Division of labour existed as a ne- 
cessary condition of the carrying out 
of large w^orks, and in Assyria and 
in Egypt, as afterwards in the Ro- 
man Empire, special duties and 
crafts were practised by separate 
men. 

The earliest works which display 
a knowledge of engineering are 
found in the East, and, without de- 
ciding wliether the people of Chal- 
da*a aud Babylonia borrowed from 
Egypt, we know that some four or 
five thousand years ago there were 
men in Mesopotamia and Egypt who 
ossessed considerable mechanical 
nowledge aud no little skill in hy- 
draulic engineering. 

Engineering like architecture was 
irly associated witli religion. The 
largest stones were chosen for sacred 
uildings that they might be more 
enduring as well as more imposing ; 
a development of mechanical con- 
trivances for moving them, an im- 
provement in tools for working 
them, followed as things of course. 
The working of metals was perfected 
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ill making images of the gods and 
the adornment of shrines. 

To an engineer the pyramids of 
Gizeh are admirable. Although 
they are the earliest, and were built 
r>,0()() years ago, they are unrivalled. 
The masonry could not be surpassed 
in these days, and moreover the 
design is perfect for the purpose for 
which they were intended, above all 
to endure. The building of pyramids 
continued for some ten centuries, 
and from sixty to seventy still re- 
main ; many contain enormous 
blocks of granite from thirty to 
forty feet long, weigdiiug more than 
*^()() tons, and display the greatest 
ingenuity in the way in which the 
sepulchral chambers are constructed 
and concealed. 

A more difficult ' operation than 
the more transport of weight, that 
of erecting obelisks weighing more 
than 400 tons, was performed with 
lirecisionby the Egyptians, but tlieir 
method of lifting them remains un- 
known. The use of large stones in 
fortifications was known to the Pe- 
ruvians ; in India, from their repug- 
nance to the use of the arch, builders 
have commonly used large blocks 
both in bridges and in buildings. 
But the Homans surpassed in me- 
chanics the Eg3rptiaus who set iip 
obelisks, since they transported 
them from Egypt, and afterwards 
erected tliem at liome, where moro^ 
are now to be found than remain in 
Egypt. Largo stones were used in 
the temples of Baalbek, erected 
under Roman rule ; one lies ready 
quarried which is seventy feet long 
and fourteen feet square, aud weighs 
upwards of l,l,sr) tons, or nearly as 
much as one of the tubes of the 
Britannia Biidge. 

The ancient Assyrians aud Egyp- 
tians have recorded on their walls 
by painting and sculpture the me- 
thods employed in transporting 
these masses. Apparently the lever 
was the only mechanical power used, 
and with unlimited supplies of hu- 
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man labour this would be the most 
direct and expeditious implement j 
but it is probable that other me- 
chanical aids were employed where 
stones such as obelisks had to be 
lifted. From a carved slab, more- 
over, which formed part of the wall 
panels of the palace; of Sardanapalus 
we learn that the pulley was known 
in a simple form. 

The use of iron, and probably 
also of steel, dates from very remote 
times. Egyptians, Hebrews, Assy- 
rians certainly regarded iron as a 
common metal, aud as there is no 
great secret in making steel, they 
prob.'ibly had the use of this also. 
Steel may even have been accident- 
ally produced by a less vigorous 
blast than would suifice for making 
I wroiidit iron. Tho supply of iron 
in India as early as the fourth and 
fifth centuries seems to have been 
unlimited. The remarkable iron 
pillar of Bcllii is in a single piece, 
fifty feet in length, and weighs not 
less than seventeen tons. 

An interesting social problem is 
afForded by a comparison’ of the re- 
lative conditions of India and this 
country at the present time. India, 
from thirty to forty centuries ago, 
was skilled in the manufacture of 
iron and cotton goods, which manu- 
factures, in less than a century, 
have douo so much for this country. 
It is true that in India coal is not so 
abundant or so universally distri- 
buted, as ill this country. Yet, if 
wo look still further to the East, 
China had probal^ly had knowledge 
of the use of metals as soon as India, 
ami moreover had a hoiimUcss store 
of iron and coal. Marco Volo tells 
us that coal was universally used a» 
fuel in tlio parts of China which he 
visited towards the end of the four- 
teenth century, and from other 
sources wo have reason to believe it 
was used there as fuel 2000 years- ago. 

The art of extracting metals from 
the ore was practised at an early 
date in this country. The iincicut 
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tin workings in Cornwall are well 
known, anti as the Britons used iron 
they probably got it for themselves ; 
also the Roman iron works in the 
Weald of Kent are remarkable for 
their extent. But the enormous in- 
crease of the mining and metallur- 
gical industries began with this cen- 
tury; the use of coal for smelting 
superseded that of charcoal, and We 
find that in 1873 the quantity of pig 
iron produced in the United King- 
dom was bi million tons, and the 
coal raised amounted to 127 million 
tons. 

The early building energy of the 
world was chiefly spent on tombs, 
tem]_des, and palaces. In Egypt, as 
we have seen, the art, of building in 
stone had, 5,000 years ago, reached 
the greatest perfection ; ten cen- 
turies later, in Mesopotamia, the art 
of building with brick was in an 
equally advanced state. The pyra- 
midal buildings were very massive, 
and are only in ruins because they 
have served as (piarries for the 
building of modern towns. The 
Assyrian mounds and temples are 
the largest, but the pyramidal tem- 
ples of Chaldijoa far surpass them in 
the excellence of their lirickwork. 

Egypt was probably far better ir- 
rigated in the days of the Pharaohs 
than it is now. Reservoirs W’^ere 
constructed on a vast scale, w hich is 
unapproached even in these days of 
immense works. The rcr/ime of the 
great rivers w^as studied in Mesopo- 
tamia or in Egypt, and records were 
kept of the rise of waters. Canals, 
dams and tunnels were made witli 
great skill. A remarkable work was 
the canal which efl’ected a junction 
between the Mediterranean and the 
Red Sea. Its length was about 
eighty miles ; its width admitted of 
two triremes passing one another. 

At least one of the navigable 
canals of Babylonia, attributed to 
Nebuchadnezzar, can compare in 
extent with any work of later times. 
Sir H. Rawliuson has traced this 


canal throughout the greater part of 
its course, from Hit on the Euphra- 
tes to the Persian Gulf, a distance 
of betwen four and five hundred 
miles. It is a proof of the estimation 
in which such works were held in 
Babylonia and Assyria, that, among 
the titles of the god Vul were those 
of “Lord of Canals,” and “The 
Establish er of Irrigation Works.” 

War, with all its attendant evils, 
has often benefited mankind. Siege^ 
operations have developed many in - 
ventions, and the necessity of roads 
and bridges for military purposes 
has often led to their being made 
where the necessary stimulus from 
other causes was wanting. Such was 
the case under the Roman Empire. 
The ambition of Napoleon covered 
France and her suVqect countries 
with a system of military roads, and 
in this country the w^ant of roads, so 
keenly felt at the time of tlie rebel- 
lion of 1745, led to the construction 
of a system unequalled since the 
time of the Roman occupation. 

The water supply of Rome, wdth 
its nine a(j[iieducts, is a monument 
of her engineering power. Harbour 
W4>rks and bridges, basilicas and 
baths, and numerous other works in 
Europe, in Asia, and in Africa were 
executed under her rule. With the 
fall of the empire progress in Europe 
stopped for a time. 

But with the seventh century be- 
gan the rise of the Mohammjedan 
power, and a partial return to con- 
ditions apparently more favourable 
to the progress of industrial art, 
when widespread lands were again 
united under the sway of powerful 
rulers. Science owes much to Arab 
scholars, who kept and handed on 
to us the knowledge acquired so 
slowly in ancient times, and much 
of which would have been lost but 
for them. Still, few useful works 
remain, to mark the supremacy of 
the Mohammedan power, at all com- 
parable to those of the age which 
preceded its rise. 
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A ^reat building age began ij^ Eu- 
rope m the tenth century, and lasted 
through the thirteentli. It was du- 
ring this period that those great 
ecclesiastical buildings were erected, 
which are not more remarkable for 
artistic excellence than for boldness 
in design. 

From the twclftli to the thirteenth 
centuries, with the revival of the 
arts and sciences in the Italian re- 
publics, many important works were 
undertaken for the improvement of 
the rivers and harbours of Italy. I,n 
1481 canal locks were first used ; 
and some of the earliest of which 
we have record were erected by 
Leonardo da Vinci, who would be 
remembered as a skilful engineer 
had he not left other greater and 
more attractive works to claim the 
homage of posterity. 

It is fref^uently easier to lead 
water where it is wanted than to 
check its irruption into places where 
its presence is an evil, often a dis- 
aster. For centuries the existence 
of a large part of Holland lias liceu 
dependent on the skill of man. How 
soon he began in that country to 
contest W'ith the sea the possession 
of the land wo <io not know, but 
early in the twelfth century dykes 
were constructed to keej) back the 
ocean. As the prosperity of the 
country increased with the great 
extension of its commerce, and laud 
became more valuable and necessary 
for an increasing population, very 
extensive works were undertaken. 
Land was reclaimed from the sea, 
canals were cut, and machiuos were 
designed for lifting water. To the 
practical knowledge acquired by the 
Dutch, W'hose method of carrying 
out hydraulic works is original and 
of native growth, much of the 
knowledge of tlic present day in 
embanking and draining and canal- 
making is due. 

While the Dutch were getting this 
knowledge and we in Britain were 
benefiting by their experience, the 


disastrous results of the inundations 
caused by the Italian rivers of the 
Alps gave a new importance to the 
study of hydraulics. Some of the 
greatest philosophers of the seven- 
teenth century— among them Torri- 
celli, a pupil of Galileo — were called 
upon to advise and superintend en- 
gineering works ; nor did they con- 
fine themselves to the construction 
of preventive works, but thoroughly 
investigated the condition pertaining 
to fluids at rest or in motion, and 
gave to the world a valuable series 
of works on liydraulics and hydraulic 
engineering, which form the basis of 
our knowledge of these subjects at 
the present day. 

Per baps the greatest ingenuity 
and creative mechanical genius are 
displayed in machines used for mak- 
ing textile fabrics. It was not until 
a late period that the manufacture of 
such fabrics was established on a 
large scale in Europe. China had 
the use of silk for clothing some 
tJiousands of years ago ; but in Eu- 
rope, in the time of Aurolian, the 
empress had to forego the costly lux- 
ury of a silk gown ; and so slowly 
did the use of silk travel westward, 
that .lames Y. had to borrow a pair 
of silk hose from the Earl of Mar, 
that he might not “appear as a 
scrub ” before strangers. 

Cotton, of Avhich the manufacture 
in India dates from before historical 
times, Jiad scarcely by the Christian 
era reached Persia and Egypt. Spain 
in the tenth and Italy in the four- 
teenth century manufactured it,*but 
Manchester, which is now the great 
metropolis of the trade, not until the 
latter half of the seventeenth cen- 
tury. 

Linen was worn by the old Egyp- 
tians, and some of their linen 
mummy clotlis surpass in fineness 
any linen fabrics made in later days. 
The Babylonians wore linen also and 
wool, and obtained a widespread 
fame for skill in workmanship and 
beauty in design. 
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In this country wool long formed 
the staple for clothing. Silk was 
the first rival, but its costliness 
placed it beyond tlie reach of the 
many. To introduce a new material 
or improved machine into this or 
other countries a century or more 
ago was no light undertaking. In- 
ventors and would-be benefactors 
alike ran the risk of loss of life. 
Loud was the outcry made in the 
early part of the eighteenth century 
against the introduction of Indian 
cottons and Dutch calicoes. 

The year 17.‘18 saw Wyatt’s inven- 
tion, which was further improved by 
Arkwright, for spinning by rollers 
instead of the fingers. In 1770 
Hargreaves patented the spinning 
jenny, and Crompton the mule in 
1 77«5. In less than a century after 
Wyatt’s day double mules were 
working in Manchester with over 
2,000 spindles. 

Improvements in machines for 
weaving were begun at an earlier 
date. In 1579 a ribbon loom is said 
to have been invented at Dantzic, by 
which from four to six pieces could 
be woven at one time ; but tlie ma- 
chine was destroyed, and the inven- 
tor lost his life. In 1800 Jacquard’s 
most ingenious invention was brought 
into use, which, by a simjde mechani- 
cal operation, determines the move- 
ments of the threads which form the 
pattern in weaving. But the ^eatest 
discovery in the art of weaving was 
wrought by Cartwright’s discovery 
of the power loom, which led eventu- 
ally to tlie substitution of steam for 
manual labour, and enabled a boy 
with a steam loom to do fifteen times 
the work of a man witli a hand 
loom. 

There has been in little more than 
one generation vast progi’ess in steam- 
boats, the electric telegraph, and 
railways, the extent of wliicii is per- 
haps better knovm than appreciated. 
Yet it is amusing to hear that it is 
not more than forty years since one 
of our scientific men, and an able one 


too, (Sir David Brewster) declared 
at a meeting of the British Associa- 
tion that no steamboat would ever 
cross the Atlantic ; founding his 
statement on the impracticability, in 
his view, of a steamboat carrying 
sufficient coal, profitably, for the 
voyage. Yet, soon after this state-^ 
meut was made, the Sirins steamed’ 
from Bristol to New York in seven- 
teen days, and wfis soon followed by 
the Great Western ^ which made the 
homeward jiassagc in thirteen and a 
half days; and with these voyages the 
era of steamboats began. Like most 
important inventions, that of the 
steamboat was a long time in 
assuming a form capalde of being 
profitably utilised ; and even when 
it liad assumed such a form, the ob- 
jections of commercial and scientific 
men had still to be overcome. 

The first useful electric telegraph 
was constructed in 1838, Messrs. 
Wheatstone’s and Cook’s instruments 
being employed, while at the present 
time there are 400,000 miles of tele- 
graph in use. Among the most im- 
portant inventions of recent years 
have been the automatic telegraphs. 

In this country tlie machine in- 
vented by 8ir Charles Wheatstone, 
to whom telegraphy owes so much, 
is chiefly emiJoycd. By his machine, 
after the message has been punched 
out in a paper ribbon by one ma- 
chine on a system analogous to the 
dot and dash of Morse, the sequence 
of the currents requisite to transmit 
tlie message along the wire is auto- 
matically determined in a second 
machine by this perforated ribbon. 
This second operation is analogous 
to that by which in Jacipiard’s loom 
the motion of the threads reejuisite 
to produce the pattern is determined 
by perforated cards. 

One of the most striking pheno- 
mena in telegraphy is the duplex 
system, which enables messages to 
be sent from each end of the same 
wire at the sa.me time. This prac- 
tice was early suggested, but has 
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only been possible with our more 
perfect iosiilation. 

The introduction of deep sea tele- 
^rai)hs affords examples, of a courage 
ju attacking a difficult problem 
which has hardly ever been sur- 
passed, Although now 50,000 miles 
of cable are in use, to get at this re- 
sult nearly 70,000 miles have been 
constructed and laid. Now that 
cables are tested under water, and 
made w’ith stronger sheathing, 
many of the old failures are avoided. 

On the subject of Railways the 
president spoke thus : — 

You have all an interest in them : 
you all demand to be carried safely, 
and you insist on being carried fast. 
Besides, everybody understands, or 
thinks he understands, a railway, 
and tliercforc I shall be speaking on 
a subject common to all of us, and 
shall possibly only put before you 
ideas which others as well as myself 
have already entertained. 

We who five in those days of roads 
and railways, and can jnove wdtli a 
fair degree of comfort, speed, and 
safety, almost where we will, can 
scarcely realise tlie state of England 
two centuries ago, when the years 
of opxjosition wliich preceded the 
era of coaches began j when, as in 
ldC2, there were but six stages in 
all England, and John Crossdcll, of 
the Charterhouse, thought tliere were 
six too many ; when Sir Henry 
Herbert, a member of the House of 
Commons, could say, ‘If a man 
were to propose to carry us regularly 
to Edinburgh in coaches in seven 
days, and bring us back in seven 
more, shoidd we not vote him to 
Bedlam?’ 

But in spite of the suggested in- 
sanity of the projectors, coaches and 
railways were made. 

The Stockton and Darlington 
Railway was opened in 1825, the 
Liverpool and Manchester Railway 
in 1830, and in the short time which 
has since elapsed, railways have 
been extended to every quarter of 


tlie globe ; and at present different 
countries possess in the aggregate 
about 160,000 miles of railway. 

Railways add enormously to the 
national wealth. Mere than twenty- 
five years ago it was ^noved to the 
satisfaction of a committee of the 
House of Commons, from facts and 
figures which I then adduced, that 
the Lancashire and Yorkshire Rail- 
w'ay, of which I was the engineer, 
and which then formed the principal 
railway connexion between tlie popu- 
ous towns of Lancashire and York- 
shire, effected a saving to the public 
using the railway of more than the 
whole amount of the dividend which 
was rocei\^cd by the proprietors. 
These calculations were based solely 
on the amount of traffic carried by 
the railway, and on the difference 
between the railway rate of charge 
and the charges by the modes of 
conveyance anterior to railways. 
No credit wJiatever was taken for 
the saving of time, thougli in England 
X>re-emineDtly time is money. 

(-■onsidcring that railway charges 
on many items have been consider- 
ably reduced since that day, it may 
be safely assumed that the railways 
in the British Islands now iiroduco, 
or rather save to the nation, a much 
larger sum annually than the gross 
amount of all the dividends jjayablo 
to the x)rox)rietors. 

Whenever a railway can bo made 
at a cost to yield the ordinary in- 
terest of money, it is in the national 
interest that it should be made. 

The question of safety in railway 
travelling, although it depends in 
the first case upon the perfection of 
the macliinery of the railway and its 
I)lant, dex)ends also on the nature 
and quantity of traffic, and lastly on 
human care and attention. 

In what we choose to call the 
ideal, we do not surpass the ancients. 
Poets and painters and sculptors 
were as great in former times as now ; 
so, probably, were the mathema- 
ticians. 
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In what depends on the accumu- 
lation of experience, we ought to 
excel our forerunners. Engineering 
depends largely on experience ; 
nevertheless, in future times when- 
ever difficulties shall arise or works ' 
have to he accomplished for which 
there is no precedent, he who has to 
perform the duty may step forth 
from any of the walks of life, as 
enmneers have not unfroquently 
hitherto done. 

The marvellous progress of the 
last two generations should make 
everyone cautious of predicting the 
future. Of engineering works, how- 
ever, it may be said that their prac- 
ticability or impracticability is often 
determined by other elements than 
the inherent difficulty in the works 
themselves. G reatcr works than any 
yet achieved remain to be accom- 
plished —not perhaps yet awhile. 
Society may not yet require them ; 
the world could not at present aflbrd 
to pay for them. 

The progress of engineering works, 
if we consider it, and the expenditure 
upon them, has already in our time 
been prodigious. One hundred and 
sixty thousand miles of railway 
alone, put into figures at 20,000/. a 
mile, amounts to Jl,200 million 
pounds sterling; add 400,000 miles 
of telegraph at 100/. a mile, and 
100 miUions more for sea canals, 
docks, harbours, water and sanitary 
works constructed in the same period, 
and we get the enormous sum of 
3,340 millions sterling expended in 
one generation and a half on what 
may undoubtedly be called useful 
works. 

The wealth of nations may bo im- 
paired by expenditure on luxuries 
and war ; it cannot be diminished 
by expenditure on works like these. 

As to the future, we know we 
cannot create a force ; we can, and 
no doubt shall, greatly improve the 
application of those with which we 
are acquainted. What are called 
inventions can do no more than this, 


vet how much every day is being done 
by new machines and instruments. 

The telescope extended our vision 
to distant worlds. Th e spectroscope 
has far outstripped that instrument, 
by extending our powers of analysis 
to regions as remote. 

Postal deliveries were and are 
great and able organisations, but 
what are they to the telegraph ? 

Need we try to extend our vision 
into futurity farther ? Our present 
knowledge, compared to what is 
unknown even in physics, is in- 
finitesimaL We may never dis- 
cover a new force— yet, who can 
tell '{ — Academy. 

Rock Boring by the Diamond 
Drill. — Major Beaumont, K.E., 
M.P. (Institute of Mechanical En- 
gineers).— The (black) diamonds are 
set in a steel crown, which is sup- 
plied with water, and rotated at 
from 200 to 300 revolutions per 
minute, under a pressure varying 
with the nature of the rock, from 
300 lb. to 800 11). In tliis way the 
hard Pennant rock of South Wales 
may be cut at the rate of nine indies 
per minute. The principle is applied 
to prospecting, tunnel-driving, and 
shaft-sinking, and subaqueous oper- 
ations. For holes of a depth up to 
1,200 feet or 1,300 feet init down for 
the purpose of testing the ground 
an 11-inch cylinder engine, with 
40 lb. steam pressure, is sufficient, 
the debris being removed by a stream 
of water pumped down the hollow of 
the boring bars. The diamond 
boring machinery for tunnel-boring 
consists of a couple of standards, 
carrying drills, which are set in 
motion by an engine, driven by 
compressed air. There are two 
operations in the driving of headings 
— the drilling of all the holes neces- 
sary to bring the face away, and 
blasting the holes so bored, and 
removing the rubbish. For putting 
down blast-holes under water, for 
the purpose of removing rocks, the 
diamond drill is peculiarly adapted. 
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The machinery then consists of drills the proposed working pressure being 
arranged in four rows, and driven between 300 lb. and 400 lb. per 
by four sets of shafting, running square inch. In the trial a tern- 
length ways along a barge, the whole porary pump was employed, and a 
being set in motion by a pair of higher pressure than 200 lb. could 
12-inch cylinder engines. The barge not be obtained. In spite of this 
is supported on eight legs, at half or and sundry minor disadvantages, a 
quarter ebb tide, the drills set to distance of about three-quarters of a 
work, and the holes drilled to the mile was covered, and a maximum 
requisite depth. The holes are then speed of twelve miles an hour at- 
charged with dynamite cartridges, tained, the machinery being perfectly 
and the tide having meanwhile risen, under control . — Eiujlish Meclianic. 
and the water taken the weight of Use of Wire Gauze. — Wire 
the barge, the legs are drawn up, gauze as a substitute for glass is ; 
and she is hauled clear of the site much employed in the Kegent’s 
of operations, and the charge fired. Park Carriage AVorks for the lifting 
By this means 200,000 tons of rock door-screens of carriages. It is ad- 
liave been removed from the bed of mirably suited in summer for this 
the river Tees. purpose, iis it subdues the glare of 

Propulsion of Tramway Cars, light and moderates the heat, and 
— A patent has recently been ob- admits but little dust, while it en- 
taiued for propelling the cars by surcs perfect ventilation . — Journal 
means of powerful coiled springs, of Applied Svu’ucf. 
wound up by engines stationed at Raising* Coal by compressed 
the termini, or at suitable intervals Air. — Atinosjiheric pressure has 
along the route. Sir Samuel (..^anning been employed in some collieries, in 
and Mr. Scott Russell are connected tlio(Jrcnzot mining district of Franco, 
with tlie latest proposal in con- in raising coal. A piston works in 
iidction witli coiled springs, and we an air-tight tube in the shaft, to 
understand that, instead of rewind- which ])iston is attached a cage in 
ing the springs while on the journey, which the tubs of coal are placed, 
the mechanism is so arranged that Air being admitted beneatli the pis- 
eeveral ready-coiled springs may be ton, the coal is at once urged to tlio 
carried to replace those that have top of the shaft, and, at the same 
ruudowii. What success will attend time, more than 70,000 cubic feet of 
the attempt to use coiled springs foul air are discharged from the 
remains to be seen. , workings, while a corresponding iu- 

A tolerably satisfactory trial of rush of fresh air enters the mine. 
Mr. Scott Moncrieff s compressed This application of pneumatics pre- 
air tramway engine took place sents several advantages in mining 
recently in Glasgow. The ma- operations, 

chinery is contained in a frame The Lizard Lights. — New 
about the size of the floor of an lanterns are in course of construc- 
ordinary car, and is ^arranged so tion. The source of light in future 
as not to interfere with the in- will be the magneto-electric light of 
terior of the carriage, the floor of Faraday, the machine being designed 
which, however, is a little higher by Professor Holmes. They will be 
than that of an ordinary car. The worked by Ericcson’s caloric engines 
air is carried in six tanks, three at in lieu of the steam-engines hitherto 
each end, the centre of the frame in use, thus entirely removing all 
being occupied with the two engines, risk of explosion, and the necessity 
These air tanks will be replenished of water supply. It is intended also 
with air at Intervals along the route, to establish a powerful “Syren” 
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fog signal nt this station to warn 
mariners in thick weather of their 
proximity to the coast. The Syren 
will be worked by the same engine. 

Halophotal Combination of 
several Plames for Xiigbtbouse 
Illumination. — Thomas Stevenson 
(Rojral Scottish Society of Arts). — A 
series of rays proceeding from each 
flame are made to fall upon lenses or 
refractors surrounding it in the ordi- 
nary way, while those passing above 
the lower flame and V>elow the upper, 
and which escape interception by 
the ordinary lenses, fall u])on prisms 
which are so made as to have their 
conjugate foci in the upper and 
lower flames, so that the rays in 
question pass through the flames, 
and are intercepted by the other 
optical agents. The rays from 
both tlie upper and lower flames 
which pass above the upper flame 
are parallelised by an inverted trun- 
cated paraboloidal mirror. By this 
plan or by means of dioptric agents 
on the same principle, the whole ligJit 
from two or more flames is utilised. 

Carillon at Shoreditch Parish 
Church. — The instrument by which 
the music of the bells is produced is in 
many respects quite new. The most 
valuable part of the new invention is 
said to lie in the separation of wliat 
was formerly a combined action 
into two distinct parts. In the old 
machine the pins of a huge barrel 
effected first the elevation and then 
the blow of the hammer. According 
to tlie new principle the work of the 
pins is confined to the release of the 
detents. The motive power is ob- 
tained by weights, and the speed is 
regulated by revolving vanes. The 
at Shoreditch church is said to 
be one of the finest in London. The 
tenor bell weighs 34 cwt. An air 
is played every three hours, being 
changed regularly at midnight. The 
carillon machine is arranged for 
fourteen tuiles, and a fortnight’s 
variety is thus ensured. 

Tallest Chimney in the 


World.— E. M. Bancroft (Civil and 
Mechanical Engineers’ Society).^ — 
The tallest chimney in the world is 
the “Townsend chimney,” Glasgow. 
The total height from foundation to 
top of coping is 408 feet, and from 
ground line to summit 454 feet ; the 
outside diameter at foundation being 
50 feet, at ground surface 32 feet, 
and at top of coping 12 feet 8 inches, 
The number of bricks used in the 
erection were 1,400,000. The weight 
of bricks is equal to 7,000 tons. 
When within 5 feet of completion, 
the chimney was struck by a gale 
from the north-east, which caused it 
to sway 7 feet 9 inches off the per- 

E endioular, and it stood several feet 
588 in height than before it swayed. 
To Imng back the shaft to its true 
vertical position, “sawing back” 
had to he resorted to, which was 
performed by Mr. Townsend’s own 
men, ten working in relays, four at 
a time sawing, and two pouring 
water on the saws. The work was 
done from the inside on tho original 
scaffolding, which had not been 
removed. Holes were first punched 
through the sides to admit the saws, 
which were wrought alternately in 
each direction at the same joint on 
the side opposite the inclination, so 
that the cliimney was brought back 
in a slightly oscillating manner. 
This was done at twelve different 
heiglits, and the men discovered 
wlien they were gaining by the saws 
getting tightened by the super- 
incumbent weight. — Iron, 
liithograpnic Stones. — A me- 
thod of increasing the supply of 
lithographic stones has been patented 
in this country. It consists in slit- 
ting stones of the ordinary thiokness 
into three or more thin pieces, which 
^re then blocked up by a cement 
compressed and moulded on tho 
stone. Besides the economy thus 
obtained, the liability to fracture is 
stated to be much reduced by the 
use of ‘ ‘ veneered ” stones. -^Engluh 
Mechanic,. 
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Artesian Well at Leaming- 
ton. — The shaft is 50 feet deep, and 
at the bottom of this capacious well 
a bore has been carried down for 
another 200 feet, part of the way 
18 inches, and the remainder of tJie 
way 12 inches in diameter. The 
shaft an<l boi;e, except a few feet at 
the surface, have passed tlirough 
sandstone, and several springs have 
been tapped. The yield of water is 
at present 097,200 gallons per 24 
lioiirs, and it is intended to go 
deo]>er. The promoters state that 
tliey will not be satisfied unless at 
least a million gallons daily are 
obtained from the artesian welL 
Methods for giving Distinc- 
tive Characters to Light- 
houses. — Sir Williabi Thomson 
(British Association). — Speaking of 
coloured lights, he said they would 
not bo of value except for marking 
a specific direction, and for this, 
colour had been the only successful 
invention. At Ardrosaan a ship 
went ashore througli a mistake of a 
light in Ardrossan for a harbour 
light. There was a red light in an 
apothecary’s shop in Ardrossjin, and 
tJie pilots had told him that they 
regularly steered in by the “light of 
the doctor’s shop.” The greater 
speed of steam traffic reejuired that 
light should be seen at a greater 
distance and recognised sooner, and 
the lights must be more powerful. 
Kaind advances have been made in 
the English lights, particularly in 
respect to their power, but more dis- 
tinctions were reqinred. Many 
harbour lights were now confounded 
with gas. Now there was a blaze of 
gas, and it was, in some cases, im- 
possible to make out which was 
which. The autliorities were ex- 
ceedingly sluggish in makin^j such 
changes as were required m the 
appliances. The eclipse light, which 
he advocated would signal three 
lights, which he described as “short, 
short, long,” indicating the periods 
for which the light would be eclipsed. 


Charing* Cross Floating Bath. 

— The first of a set of floating 
swimming batlis has been opened 
on the Thames, near the under- 
ground railway station at Charing 
Cross. It is 135 feet long by 25 
wide, and the interior is very con- 
veniently and neatly fitted up. The 
depth ranges from 3 to 7 feet, and 
it is so constructed that there is a 
continual supply of filtered water, 
wliich runs in tlirough the filters 
at the rate of 500 gallons per minute. 

The water from the Thames first 
runs into a large iron tank, and 
thence into numerous strong fine 
canvas bags, which act as filters. 
The water comes from the filters 
perfectly clear, and it is afterwards 
forced by steam power from the 
main filter or reservoir into the bath. 
There are convenient dressing-rooms 
on either side, and at the west end 
a well-decorated saloon intended for 
a lounge. 

Garibaldi’s Scheme— {Times) 
— consists of a rectification of the 
course of the Tiber, to be effected by 
means of a canal about 30 kilometres 
in length and 1 00 mbtres wide, from 
some spot above Kome, at Ponte 
Molle, to the port of Fiumiciuo, near 
Ostia. By this canal, the city would 
become to all practical effect a sea- 
port ; the level of the country along 
its banks would be raised by the 
eartli dug out of the bed of the 
canal ; the land would be thoroughly 
drained and laid out for cultivation. 
To meet the first expenses, Gari- 
baldi proposes to devote to it the 
sum of i:6()(),0<)0. 

Strasbourg. — Works were under- 
taken almost immediately after the 
termination of the war, wliich will, 
when completed, make Strasbourg 
a fortified place of the first rank. 

The fortifications comprise three 
distinct parts ; first, the enlarge- 
ment of the place and tlie formation 
of a large basin, in which is now 
the esplanade of the citadel, brought 
into direct ooiumunicatioil with the 



266 


THE YEAR-BOOK OP FACTS. 


Rhine by means of a canal ; secondly, 
the modification and completion of 
the whole of the existing lines of 
railway, the formation of new lines, 
and of two new stations, one cen- 
tral, and the other specially de- 
vote to the materiel of war ; thirdly, 
the establishment of twelve detached 
forts, at a distance of about five 
miles from the place. All these 
points are to be connected by a 
circular railway, which will touch 
all the grand lines, and thus secure 
communication between the town 
and the forts. 

The forts are erected by the side 
of roads, railways, and navigable 
waters, at distances not exceeding 
one or two hundred yards. Their 
form is generally that of a very 
elongated pentagon, which, from its 
relatively small surface, presents 
scarcely any face for projectiles to 
attack, and they are surrounded 
by fosses nearly 50 feet wide. The 
front is straight and open, and the 
faces are fianked by casemated bas- 
tions with two stages, and approached 
through passages closed by doors, 
l^rom the summit of the polygon 
starts a casemated passage which 
terminates at the gorge, and divides 
the fort into two parts. The centre 
of tliis passage is pierced with two 
openings, and its interior is capable 
of containing a garrison of about 
four hundred men. 

The Channel Tunnel. — In 
1872 the Channel Tunnel Company 
was incorporated; and Sir John 
Hawkshaw, Mr. James Brunlees, 
and M. Thom5 de Gamond were 
appointed the engineers of the 
undertaking. The assent of the 
Governments of England and France 
has been obtained ; but until the 
time arrives for constructing junc- 
tions with the railways terminating 
at Dover there will be no occasion 
to apply to Parliament. On the 
Engiith coast, St. Margaret's 
a depression in the chalk clifi», 
about four miles east of Dover, has 


been selected as the point of de- 
parture ; and on the French side, a 
spot about midway between Calais 
and the village of Sangatte, has 
been fixed upon. By adopting this 
line, it appears that the tunnel can 
bo almost wholly excavated in the 
lower bed of homogeneous chalk ; 
and this stratum is upw'ards of 500 
feet deep ou each shore from liigli- 
water mark. It is believed that the 
chalk is continuous, and that it 
stretches beneath the sea unin- 
terruptedly across the Straits. The 
maximum depth of water on the line 
of the proposed tunnel nowhere 
exceeds 180 feet below high-water 
mark, the water being deepest in 
the centre, and gradually diminishing 
in depth towards the sides. The 
tunnel itself would be placed by the 
engineers at such a level that the 
depth of strata over it would never 
he less than 200 feet ; and this 
depth, wliich is amply sufficient for 
security, would ])cvmit the railway 
approaches to be formed with toler- 
ably easy gradients. It has been 
ascertained by actual experiment 
that, j^rovided the chalk be solid, 
the water wiU not permeate it ; and 
it has also been shown that com- 
paratively little subterranean water 
exists. in that formation. But the 
best possibility of tun pelling beneath 
the sea level is to be found at 
! Brighton. Sir John Hawkshaw has 
there completed a tunnel 5j miles 
in length along the sea shore, and 
in close proximity to the margin of 
the sea. This tunnel is wholly in 
the upper chalk, where the material 
is not very compact; and it is 12 
feet at one eud, and 20 feet at the 
other end, below high-water mark. 
Considerable quantities of water, 
chiefly fresh, were encountered in 
the progress of the work, and as 
much as 10,000 gallons per minute 
had sometimes to be pumped out; 
but the works were not prevented 
from proceeding. As pumping power 
ten times the magnitude ' of that 
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employed at Brighton could, if ' 
necessary, be applied, the entry of 
small quantities of water during the 
construction of the Channel tunnel 
would not be in the least dangerous. 
Nothing, probably, could hinder the 
completion of the work but the 
existence of open, unfilled fissures 
reaching from the sea to a depth of 
at least 200 feet. 

Hoosac Tunnel.— 'The com- 
pletion of the Hoosac Tunnel, in the 
United States, just announced, ends 
a labour of many years. It is four 
miles long, has required the work of 
many men, and cost 13,000,000 dols. 
One hundred and forty-two lives 
were sacrificed in its construction. 
It opens a new and short line between 
New England and the West. — Iron. 

New Forts on the Thames.-— 
These foi-ts below Gravesend, de- 
signed for the protection of London 
and Woolwich, are now so far com- 
letc as to allow of their armament 
eing commenced. The guns are aU 
of a powerful kind. It is considered 
impossible for any ship yet built or 
proposed to pass through the cross 
fire which these and the other forts 
upon the Thames will soon be able 
to deliver. Sheerness and the works 
on the Isle of Grain, at the mouth 
of the Medway, have all been 
strongly fortified, and the new 
armament at Tilbury Fort and at 
Gravesend, assisted by the forts at 
Cliff, Shornmeade, and Coalhouse 
Point, are considered capable of pre- 
senting an irresistible front to any 
enemy which might attempt to force 
his way up the Thames. 

Tlie “Iron Gates” of the 
Danube. — To avoid the rocks by 
which the navigation of the Danube 
has for ages been obstructed at this 
point, a new bed has been prepared 
for the river, of which the Danube 
has taken possession for itself with- 
out waiting for any opening cere- 
mony. This river was dug out in 
three sections, separated from each 
other by two dykes, which were 


left, and over which the roads led 
to the old bed. The embankment 
had been raised all along the line 
and revetted with stone. It w^ 
determined to make an opening in 
the upper dyke, so as to allow 
the stone barges to pass through. 
Scarcely was the channel opened 
when the stream rushed in, widening 
the gap soon from 12 feet to 100 
feet, carr 5 dng away the bridge which 
had been constructed. The dyke 
being in an oblique direction the 
gap was made towards the right 
bank, the consequence of wliich was 
that the force of the stream rushed 
in that direction, carrying away the 
masonry and stone revetment for a 
considerable distance. In less than 
twelve hours the basin filled. 
Curiously enough, the difference 
in the level of the old channel is not 
so great as might have been ex- 
pected, 18 inches being registered 
as the fall, and for the present there 
arc two main streams, the old one 
not having been as yet stopped, by 
sinking stone barges, &c. 

The new channel is nearly 9 J miles 
in length, and brings the waters of 
tho Danube within a short distance 
of Vienna, it extends from Messddrf 
to Kaiser-Ebersdorf. It consists 
of two parts ; the minor channel, 
which, in ordinary times will re- 
ceive all the waters of tho river, 
is 245 metres wide and 3 to 3*60 
metres deep; the other, which is 
destined to provide against floods, 
is 515 metres wide and 2 metres 
deep, with a dam 6 ‘32 metres high. 
Sixteen millions of cubic metres had 
to be executed for raising the level 
of the soil and forming the dam, 
and half of this by dredging ; the 
stonework of the new banks repre- 
sented a cube of 350,000 metres, 
and the pitching nearly as much. 
The quays absorbed 35,000 cubic 
metres of concrete, and 30,000 
metres of masonry, a quarter of 
which is in granite. In addition to 
the ordinary work, 200,000 cubio 
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metres of old work, including piles, 
stockades, stonework and fascines 
under water had to be demolished. 

Severn Tunnel.—Mr. Charles 
Richardson (British Association). — 
The Bock Tunnel has been under- 
taken by the G. W. Railway for the 
purpose of connecting their railway 
system at Bristol with that in South 
Wales. It will be about 4^ miles 
long. One half of this length (2| 
miles) will be under the river Severn. 
The shaft is already sunk on the 
shore about half-a-milc from the 
“Shoots,” and a heading has been 
commenced to be driven, and has 
already entered the Pennant Rocks 
and has reached a distance of 300 
yards from the shaft. 

Whitworth’s Planes, Stan^ 
dard Measures, and Guns.— 
Professor Tyndall (Lecture at Royal 
Institution) . — Sir Joseph Whit- 
worth, lx)rn on the 2lQt of December, 
1803, was placed at the early ago 
of fourteen under the care of his 
uncle, a millowner in Derbyshire. 
He q^uitted the mill at eighteen ; 
went to Mancjiester, and worked 
there for four years, under Crichton, 
Marsden, and Walker, and other em- 
ployers. At the age of twenty-two 
ho went to London, lived there for 
eight years as a journeyman me- 
chanic, working in succession in the 
establishments of Maudslay, Holt- 
zapfel, Wright, and Clements. In 
1833 ho returned to Manchester, 
rented a room with steam power, 
and wrote over his door “Joseph 
Whitworth, tool-maker from Lon- 
don.” The ground on which his 
works now s^nd in Manchester is 
worth nearly a quarter of a million 
sterling. 

His aim from the first was me- 
chanical veracity, and his earliest 
step towards the realization of this 
aim was the production of true plane 
surfaces. The most accurate planes, 
when he began, were obtained by 
first planing and then grinding the 
eurfacee. They were never true. 


He abandoned grinding for scrap- 
ing. Taking two surfaces, as accu- 
rate as the Waning tool could make 
them, lie thinly coated one of them 
with colouring matter, and rubbed 
'the other over it. Were both sur- 
faces true, the colouring matter 
would spread itself uniformly over 
the upper one. It never did so, 
but ai)2>eared in spots and patches. 
These marked the eminences, which, 
witli an appropriate tool, he scraped 
away. In this way he gradually 
rendered the surfaces more and 
more coincident. But the coinci- 
dence of two surfaces would not 
prove them to be jilanes. If one 
were concave and the other convex, 
they might still coincide. This was 
got over by taking a third surface, 
and adjusting it to both the others. 
Were one of the latter concave and 
the other convex, the third jilauc 
could not coincide with both. By a 
scries of interactions and adjust- 
ments, all tliroe surfaces were at 
length rendered coincident ; then, 
and not before, weretliey considered 
“true planes.” 

When one true jilane is jilaced 
upon another, the former floats iqion 
the latter, as if some lubricating 
material existed between them. 
But when one of them is sliddeii, 
with jiressure, over the other, they 
cling firmly together. The eflect is 
thus described and accounted for by 
Sir Joseph Whitworth : “If one of 
them [the planes] be carefully slided 
over the other to exclude the air, 
the two plates will adhere together 
with considerable force, by the pres- 
sure of the atmosphere.” ^Tliis 
clinging together of fiat surfaces had 
been noticed before the time of 
Robert Boyle.) This explanation 
was experimentally tested. Two 
exceedingly accurate hexagonal 
planes were found to remain adhe- 
rent in the best vacuum obtainable 
by a good air-pump. The vacuum 
was still further improved by fiUiug 
the receiver with carbonic acid, and 
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abaorbiug the residue with caustic 
l)Otash. In this way tlie atmosphere 
was reduced until its total pressure 
on the surface of the hexagon 
amounted to only half a pound. 
The lower jdate weighed 3 lbs., and 
to it was attached a mass of lead 
weighing 12 lbs. Though the pull 
of gravity was here thirty times the 
pressure of the atmosphere, the 
w’eight was supported. Indeed, it 
was obvious, wiien an attempt was 
made to pull the plates asunder, 
that had a weight of 100 lbs., in- 
stead of 12 lbs., been attached to 
the lower hexagon, it also would 
have been sustained by the powerful 
attraction of the two surfaces. 

To show the probable character 
of the contact between the planes, 
two very perfect surfaces of glass 
were squeezed together with sliding 
pressure. They clung, apparently 
as firmly as the Whitworth planes. 
Throwing by refiexioii from the 
glass plates a strong beam of light 
upon a white screen, the colours of 
“thin plates” were vividly revealed. 
Clasping the i^latcs of glass by calli- 
pers, and squeezing them, the colours 
passed through various changes. 
When monochromatic liglit was em- 
ployed the successions of light and 
darkness were numerous and varied, 
producing patterns of great beauty. 
All this proved that, though in such 
close mechanical contact, the plates 
were by no means in oj)tical con- 
tact, being separated by distances 
capable of embracing several wave- 
lengths of the monochromatic light. 

Having obtained his true planes, 
Whitworth turned them to account 
in producing standard measures. 
He pitted the sense of touch against 
the sense of sight, — end-measure- 
ment, felt by the fingers, against 
line-measurement seen by the eye, — 
and succeeded in proving that the 
millionth pai‘t of an inch was capal »le 
of accurate measurement. With in- 
struments capable of this accuracy 
he produced his standard screws 


and “difference gauges,” urging inl- 
pressively upon the mechanicians of 
his age the enormous waste which 
might be avoided by the adoption 
of uniform dimensions, capable, 
when accurately measured, of being 
accurately reproduced. 

The mechanical genius of Mr. 
Wliitworth was next applied to the 
improvement of the rifie. When 
a lead buUet is cut in two, a 
cavity is always found within, pro- 
duced by the contraction of the 
metal. This, and other causes, 
render coincidence between the cen- 
tre of gravity and the geometric 
centre of the ball the exception, 
and not the rule ; and wdiere this 
coincidence does not exist, the bullet 
is almost sure to quit the gun with 
a motion of rotation added to its 
motion of translation. It is then 
found to deviate, sometimes to the 
right, sometimes to the left of the 
true trajectory. Sometimes, more- 
over, it exceeds, and sometimes falls 
short of the proper range. The 
cause of this deviation was first as- 
signed by I^rofessor Magnus of 
Berlin. 

Magnus’s explanation of the de- 
viation of projectiles is by no means 
difficult to grasp. That the devia- 
tion was produced by no shock of 
the projectile against the muzzle of 
the gun was proved by the fact that 
the (leviation augmented in a quicker 
ratio than the ; distance from the 
gun. The cause of the deviation 
must he sought in the external air. 
If we blow through a tube so as to 
cause a current of air to pass close 
to the flame of a candle, tlic flame, 
instead of retreating, bends towards 
the current. ’I’hc atmospheric pres- 
sure, iu fact, is less in the current 
than elsewhere ; hence arises a 
motion of the adjacent air towards 
the current. If a sheet of foolscap 
be held with its two leaves enclos- 
ing an angle of twenty or thirty 
degrees, on blowing through a tube 
between the leaves they ebse tip, 
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instead of Hying asunder. The old 
experiment of Clement and Desormes 
is thus explained ; a tube is fixed in 
the centre of a perforated disk, and 
a second unperforated free disk is 
brought up against the first. On 
blowing through the tube the second 
disk is not driven away, but on the 
contrary held fast until the current 
ceases, when it falls. 

We have now to apply the know- 
ledge thus gained to the deviation 
of projectiles. Let us suppose our- 
selves looking down on the bullet as 
it quits the gun, that the axis of 
rotation is vertical and perpendi- 
cular to the trajectory, and that the 
direction of rotation is right-handed, 
like that of the hands of a watch. 
So circumstanced, the bullet will 
infallibly deviate to the right of the 
true trajectory. If, on the con- 
trary, the rotation be left-handed, 
the deviation will be to the left. In 
one case only can the ball rotate 
without having this deflecting force 
acting upon it, and that is when the 
axis of rotation is a tangent to the 
trajectory. It is the object of rifling 
to impress upon the projectile, at 
the outset, this particular kind of 
rotation. 

But whence the deflecting force, 
when the axis of rotation is perpen- 
dicular to the trajectory ? The ball 
cannot rotate without producing all 
round it a cyclone, by its friction 
against the air. On opposite sides 
of the ball the air of this cyclone 
moves iu opposite directions. When 
such a baU passes rajudly through 
the air, it encounters an opposing 
wind ; and it is obvious that on one 
side of the trajectory this wind co- 
incides with that produced by the 
rotation of the ball, while on the 
other side the two winds are opposed 
to each other, and more or less neu- 
tralize each other. Tbe ball will 
move towards the side on which the 
strongest current exists, the pres- 
sure on that side being a minimum. 
When the axis of rotation is perjpen- 


dicular to the trajectory, and hori- 
zontal, it is obvious that the proper 
range will be exceeded when the 
two currents are in opposition on 
the under surface of the ball, a 
lifting of the ball being the conse- 
quence ; while the range will be too 
short when the currents coincide on 
the under surface, a depression of 
the ball being the consequence. 
Thus, by the coalescence of the 
wind of rotation, with the wind of 
translation, the deviation of the ball 
from its true trajectory is in all 
cases completely accounted for. 

Prior to the year 1853 rifles had 
been made by hand labour. Mr. 
Whitworth proposed to devise and 
construct the machinery necessary 
for the production of the rifle barrel. 
Lord Hardinge obtained the assent 
of the Government, and a gallery 
500 yards long was erected on Mr. 
Whitworth’s grounds near Man- 
chester, where experiments on the 
best form of rifle were tried. 

The powder then employed for 
small arms consisted of the siftings 
of cannon powder. The first step 
of Whitworth was to demonstrate 
its inefficiency. It was afterwards 
abandoned in favour of a quicker 
burning powder. A spiral groove 
within tlio barrel constituted the 
rifling of the Enfield weapon. The 
ball was elongated, being a cylinder 
with a conoidal front. Its length 
was 1*81 diameters of the bore. A 
wooden plug was inserted into the 
ball behind, which, pressed by the 
gunpowder, forced the lead into the 
grooves, and secured the desired 
rotation. The pitch of the spiral 
was such that to make a complete 
rotation the ball would .have to pass 
through a length of 78 inches. Whit- 
worth soon abandoned the rifling by 
grooves, and fell back upon polygonal 
rifling. He formed two accurately- 
fitting semi-cylinders, and having 
made the inner surface octagonal, 
with a certain amount of twist, he 
placed the semi-cylinders together, 
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isiitToundcd them by steel rinM, and 
thus built up his first rifle barrel. 
It was only 10 inches long, but it 
beat the Enfield rifle. He lengthened 
the Enfield bullet, but found that 
fired from the Enfield barrel it 
tumbled over. He then passed from 
a twist of 1 in 78 to 1 in 30, then 
considered excessive, and with the 
augmented twist he was able to 
employ a longer bullet. With a 
thoroughness worthy of all admiration 
he passed in succession to obliquities 
of 1 in 20, 1 in 10, 1 in 5, even to 
1 in 1. He thus exhausted the 
subject, and decided finally in favour 
of tiie hexagonal barrel, with a twist 
of 1 in 20. The length of the bullet 
was three diameters of the bore. 

The performance of the new 
weapon astonished everybody. The 
School of Musketry at Hythe was 
tlien under the direction of Colonel 
Hay, who, in a report to Ijord 
Ilardinge, thus speaks of the Whit- 
worth rifle : “The shooting with the 
gun on Mr. Whitwortli’s principle is 

truly wonderful The mean 

aliflolute deviation of the shots fired 
would not, if calculated, be above 
0 ‘65 of a foot at 500 yanrds ; whereas, 
at the same distance, the mean abso- 
lute deviation of tiiebest target of 20 
shots I can produce, exceeds 2 feet.” 
At 1,400 yards the Whitworth 
deviation was 4*62 feet, while at 
this distance a target 14 feet square 
was not at all hit by the Enfield. 

The Whitworth rifle sent its 
bullets through tliirty-four half-inch 
elm boards ; the Enfield penetrated : 
twelve of the boards, and was I 
stopped at the thirteenth. But a 
totally new cax)acity was here mani- 
fested. The form of the Whitworth 
rifling permits of the use of a steel 
bullet, and with such bullets, at the 
time here referred to, Mr. Whit- 
worth pierced jdates of iron half-an- 
inch thick, not only point blank, but 
at obliquities varying from 0® to over 
50”. 1 am not aware that up to the 

present hour any other rifle has 


accomxflished anything approaching 
to this. 

Call now to mind that Mr, Whit- 
worth in 1854 found rifling by 

f rooves the accepted method. This 
c changed for jjolygonal rifling. 
He found the twist 1 in 78 ; this he 
changed to 1 in 20. He found the 
rifle bullet 1 *81 diameters in length ; 
and this lie changed to 3 diameters. 
The Martini-Henry rifle, which is 
now the favourite weapon, is rifled 
polygonally, a heptagon being sub- 
stituted for Whitworth’s hexagon. 
The twist of this rifle is 1 in 22, or 
almost identical with the twist of 
the Whitworth rifle, while the length 
of the bullet is 2 03 diameters, which 
is practically Whitworth’s propor- 
tion. The Martini-Henry bullet is, 
however, rifled within the gun by 
the pressure behind it ; and to per- 
mit of the employment of hard alloys 
of tin and lead, which it would be 
difficult to force into the angles of 
the heptagon, a sharp spiral pro- 
jection accompanies the jiolygonal 
twist. This proj ection is forced into 
the bullet by the pressure from 
behind, and it gives the bullet the 
required rotation. The Whitworth 
bullet, on the other hand, is rifled 
outside the gun. Its inventor ac- 
complishes by his steam engine the 
work which, in other rifles, falls 
upon the gunpowder ; the brunt of 
this work, moreover, being borne by 
the shoulder of the marksman. 

To sum up, when Sir Joseph 
Whitw'ortli began his experiments, 
he was ignorant of the rifle, but he, 
nevertheless, mastered his subject 
to an extent never previously ap- 
proached. He found the powder 
used for rifles unfit for its purpose. 
In point of j)recisi()n, he obtained a 
“figure of merit” greatly sux>erior 
to any previously obtained. He 
carried Ins ranges far beyond all 
previous ranges ; and in point of 
I^enetration achieved unexampled 
results. He did this, moreover, by 
a system of rifling peculiar to him- 
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self, wliicli had never been thought 
of previously, and which is sub- 
stantially adhered to in the favourite 
weax>on of to-day. It would be 
difficult to point to an experimental 
investigation, conducted with greater 
thoroughness, and skill, 
and wRich led to more important 
conclusions. 

Whitworth saw that the mechani- 
cal principles brouglit to bear in the 
infantry weapon wore ecpially ap- 
plicable to caunon. But here lot me 
say that I am not too much influ- 
enced by the phrase ‘ ‘ mechanical 
principles,” so fretpicntly employed 
by our great mechanician. These 
principles are as enduring as the 
universe, or rather as the mind 
which interprets the universe, when 
all the data have been embraced 
in the conclusion. But in practical 
matters mechanical principles, like 
wisdom, must bo justified of their 
children ; and these are the tests of 
experiment. 

Armour plating 4 inches thick, 
manufactured by an eminent firm, 
with the knowledge that it was to 
be tested with the Whitworth gun, 
was penetrated by an elongated, flat- 
headed, rifled projectile, which itself 
hardly exliibited the least mark of 
distortion. The gun which fired the 
bolt was a 12-pounder ; but owing 
to its elongation the actual weight of 
the projectile is 25) lbs. This 
assuredly was a great achievement 
for so small a gun. Like plates 
were i)erforated, not only by direct 
impact, but at obliquities of 45 ’, 
and 05“. The projectiles which did 
this work are flat-headed. When 
ogiv^al pointed shot, of “chilled” 
metal, or of steel were used, in- 
stead of being penetrated, the 
plates were indented merely. Fired 
at an angle of 45° the pointed shots 
glanced from the plates, scooping 
out a small hollow, instead of pierc- 
ing them. In this exporiment, the 
chilled shot broke up into frag- 
ments, but the steel remained in- 


tact, Taking a steel bolt in the 
hand, and urging the edge of its Mat 
front obliquely against an iron plate, 
the bolt is arrested, because the 
edge cuts the plate like a chisel ; 
urging the pointed shot at the same 
obliquity against the plate, it glances 
off. Thus, a mere hand-experiment 
shows the difference between the 
flat-headed and pointed shot, when 
the incidence is sufficiently oblique. 
And as in actual warfare oblhiue 
incidence will probably be the rule, 
and perpendicular incidence the ex- 
ception, this demonstrated power of 
the flat -headed bolt to penetrate, 
when the pointed shot fails, seems 
worthy of the most serious considera- 
tion. 

Almost equally instructive are the 
experiments executed to determine 
the comparative power of flat- 
headed, round-headed, and pointed 
projectiles to penetrate water at an 
oblique incidence. The angle of de- 
l)ression was 7° 7', and the length of 
water to be penetrated was 80 inches, 
the mark aimed at being 10 inches 
below the water line. The flat- 
headed projectiles appear to have 
gone almost directly to the mark ; 
the round-headed ones were tilted 
up and struck the plate just below 
the water line ; while the pointed 
or ogival ones were completely 
ejected from the water, and struck 
the plate atO inches above the water 
line. 

Ill the l*rcface to ‘ Guns and 
Steel ’ Sir Joseph Whitworth gives 
the following summary of his experi- 
ments on penetration : 

“ In 1857 I proved, for the first 
time, that a ship could be penetrated 
below the water line by a Jlat-lieackd 
rifled iirojcctile. 

“In 1850 I penetrated, for the 
flrst time, a 4. i -inch armour plate, 
with an 80 lbs. Jlat-headed solid steel 
j projectile. 

I “In 1802 I penetrated, for the 
I first time a 4-inch armour plate, 

\ with B, 10 \ha. Jlat-headed 8teei 
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which exploded in an oak box sup- 
porting the plate. 

“ In 1870 I penetrated, with a 
9-inch bore gun, three 5-inch armour 
plates, interlaminated with two 
5-inch layers of iron concrete. 

'.‘‘In 1872, with my new 9-pounder 
breech -loading-gun, and a flat-headed 
steel projectile, I penetrated a 8-iuch 
armour plate, at an angle of 45".” 

All these performances were the 
lirst of their kind, and were made, 
with one exception, with flat-headed 
projectiles. 

The tentative skill and insight 
wliicli were so conspicuous in Mr. 
Whitworth’s experiments with tlie I 


rifle, are not less conspicuous in his 
experiments on rifled cannon. Iii 
1856 lie demonstrated that a rifle 
bullet should be 8 diameters long. 
“The rule,” he affirms, “holds 
good for a 55-ton gun, as well as for 
a rifle.” His experiments on the 
I relation of tlie amount of twist to 
I the length of the projectile are in 
the highest degree interesting. Pro- 
jectiles varying from 1 to 7 diameters 
I in length, yielded the following re 
suits 

! “With one turn in 10 inches, all 
the ]>rojectiles went steadily with 
the jMuut first. 

“ With one turn in 20 inches, 



the projectile became unsteady whoa 
more than 0 diameters in length. 

“With one turn in 50 inches, it 
fell over when more than 5 diameters 
in length. 

“With one turn in 45 inches, the 
projectiles turned over, and flew- very 
wild, when more than 3 diameters 
in length.” 

The conclusion drawn from these 
experiments was, ‘‘that unless a 
gun be rifled with a quick pitch, so 
as to give a high rotation to the pro ^ 
jectile, it would not be possible to 
lire long projectiles.” Witli a sufii- , 
cient twist, Mr. Whitwoi-th sue- ' 


cooded, in 1856, in firing projectiles 
10 diameters in length, and weigh- 
ing 150 lbs. For range, the best 
form of projectile has a conoidal 
front, a sliglitly tapered rear, and is 
from 5 to 4 diameters long. With 
high elevations, the flight w such a 
projectile may exceed, by a mile, 
that of one with its rear iintaperod. 
These two forms of the projectile 
are shown in Figs. 1 and 2. 

The greatest range hitherto ob- 
tained w'as reached at Shoeburyness 
in 1868. It amounted to 11,243 
yards, or nearly 6^ miles. 

The possibility of attaining so 
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great a range depends on the weight 
and cross-section of the shot. W ere 
there no atmospheric resistance, the 
range would depend solely on the 
velocity of the projectile on (quitting 
the gun. But if two projectiles, 
one possessing a greater transverse 
section than the other, start with 
the same velocity, the thicker bolt, 
encoimtering greater resistance, is 
brought more rapidly to rest. The 
velocity at starting may be even 
greatly in favour of the thicker pro- 
jectile, while at long ranges it is 
left behind. 

And here we are met by one of 
those practical reflections which 
force themselves upon the thought- 
, ful mind, and in regard to which I 
have already claimed liberty of ex- 
pression. If the object of the artil- 
lerist bo solely to throw his sJiot 
with the maximum precision, to the 
greatest distance, then, so far as the 
data before mo enable me to judge. 
Sir Joseph Whitworth has made out 
a conclusive case. In the common 
rifle, where each bullet is intended 
to kill or maim a single man, these 
two elements of range and precision 
are paramount. But in artillery 
practice another consideration comes 
into play. The use of shrapnel 
shell 18 one of the most important 
features of such practice. lu this 
case vastness of rauge is not the 
only thing sought. At a certain 
point in its trajectory — a point 
which the practical artillerist might 
fix at two, three, or four thousand 
yards — the projectile has to burst, 
and patter a rain of bullets round* 
it. The effectiveuess of such a jiro- 
jectile must obviously depend on 
the bursting charge which it is able 
to carry, and the number of bullets 
which it is able to scatter. If — ^and 
bear in mind that I use tho “ if” — 
if the projectile be so attenuated as 
to diminish seriously the bursting- 
charge and the number of bullets, 
then it is easy to see that while it 
pight assert a clear superiority as 


regards length of range, it might be 
less effective than a projectile of 
greater diameter, at. the distances 
most advantageous for the use of 
shrapnel shell. I am far from say- 
ing that the Wliitworth shell is un- 
able to fulfil all the necessary con- 
ditions ; but I do say tliat the shrap- 
nel shell raises a question which was 
not raised in the .case of the rifle. 
And were I on a committee entrusted 
with the decision of this question, I 
should require it to be proved that 
the very perfection of a gun, re- 
garded from one point of view, is not 
an imperfection when regarded from 
another. The question is one for 
experiment to decide. 

Sir Joseph Whitworth has always 
advocated tlie use of steel in the 
construction of guns ; but without 
some guarantee of its trustworthi- 
ness ho could hardly have expected 
to convert the world to his views. 
It would bo unreasonable to expect 
military authorities to make their 
gnus of a metal which, through 
some defect impossible to guard 
against, might at any moment con- 
vert the gun into a shell, scattering 
ruin among those who trusted it. 
Tlic onus therefore rested upon tho 
advocate of steel, to produce a 
metal which could bo rebed on. 
With the tenacity of purpose, and 
fruitfulness of inventive skill which 
characterised his whole xjrevious 
career, Sir Joseph Whitworth at- 
tacked this problem. The solution 
of it will, perhaps, be best under- 
stood by an exx)oriment which I 
witnessed at Manchester. 

Within a hollow steel cylinder, of 
enormous strength, were placed a 
series of cast-iron bars, so as to 
form a kind of lining. The bars 
were laid loosely side by side, so as 
to admit of tho passage of a gas 
between them. They were also 
grooved, with a view of faciUtating 
gaseous motion. The bars were 
coated by a porous buing of sand 
and other materials, through which 
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gases could readily be driven by 
pressure. In the middle of the 
cylinder stood a core, also formed 
so as to permit of the escape of gas 
from it. A space of several inches 
existed between the inner core and 
outward sheath. A large ladle Avas 
at hand, and into this was poured 
the molten metal from a number of 
crucibles. From the ladle again the 
metal was poured into the annular 
space just referred to, filling it to 
the brim. Down upon the molten 
mass descended the plunger of a 
hydraulic press. On first entering 
it a shower of the molten metal was 
scattered on all sides ; but inasmuch 
as the distance between the annular 
plunger and the core on tlie one 
side, and the sheath on the other, 
was only about one-tenth of an inch, 
the fiuid metal was immediately 
chilled and solidified. Thus en- 
trapped it was subjected to pres- 
sure, which amounted eventually to 
al30ut six tons per square inch. 

Doubtless gases were here dis- j 
solved in the fluid mass, and doubt- 1 
less also they were mechanically | 
entangled in it as bubbles, I figure 
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compatible with a “ductility” which 
shall cause the gun to tear^ if it 
should burst, and not fly into frag- 
ments. Sir Joseph Whitwortli’s 
method of testing the capacity of 
his metal to resist pressure is as 
follows A powder charge is placed 


to myself the dmd metal as an 
assemblage of molecules, with the 
intermolecular spaces in communica- 
tion with the air outside. Through 
these spaces I believe the carbonic 
oxide and the air to have been 
forced, finding their escape through 
the ijorous core on the one side, and 
through the porous sheath on the 
other. From both core and sheath 
issued copious streams of gas, 
mainly, it would seem, in the con- 
dition of carbonic oxide flame. A 
I considerable shortening of the fluid 
1 cylinder was the consequence of this 
j expulsion of gases from its interior. 
The pressure was continued long 
after the gases had ceased to be 
ejected ; for, otherwise, the contrac- 
tion of the metal, on cooling, might 
sul)ject it to injurious internal 
strains. In fact, castings have been 
known to bo rent asunder by this 
contraction. By the continuance of 
the external pressure, every internal 
strain is at once responded to and 
satisfied, and the metal is kept 
compact. 

The metal employed for guns 
must be of the maximuiii “strength,” 
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in a cylinder, both ends of which 
are stopped, the only exit for tlie 
gases being through the vent-hole. 
The auflexod figures show the ap- 
pearance presented by such a cylin- 
der during the process of testing. 
1, represents it before firing ; ‘i, 
r 2 
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after firing a few rounds; .3, after 
bursting. “The excellence of the 
metal was proved by the amount of 
powder used, and its tearing open in 
one piece/’ 

I wind up by a brief reference to 
Whitworth’s breech -loading gun. 
This gun is made of fluid compressed 
steel, and the breech is closed by a 
heavy sliding block of the same ma- 
terial, working between two portions 
of the breech end of the gun, under 
and over the sliding block, which 
may be called block guides. The 
faces of the block guides arc grooved 
with a number of parallel grooves, 
the upper and lower surfaces of the 


block being similarly formed, and 
inclined at a very small angle to «- 
plane perpendicular to the axis of 
the gun, thus forming a portion of 
a screw thread which would bo 
traced u|w)n a cylinder of extremely 
large radius. These threads consti- 
tute what may be called a “straight- 
line screw,” having their sides 
nearest the muzzle undercut, so that 
when the heavy strain resulting 
from firing the charge comes upon 
the block, there maybe no tendency 
I to force the block guides apart ; but, 
on the contrary, they are more 
tightly held. 



End view, breech closed. Lonjdtndinal Rcction, breeca open. 

The powder chamber is enlarged remaining part of the bore having 
in diameter and reduced in length, windage of *01 of an inch, 
being 2\ diameters long, and con- The mechanical features of the 
taining a charge of .50 per cent, more breach-loader may be stated briefly 
powder than the service charge of as follows : 

a muzzle-loader. There is also a 1. A heavy brccch -piece with a 
slightly enlarged shot-chamber to large area of bearing surface, 
ensure ease in loading. The enlarge- 2. An enlarged diameter of pow- 
ment of the shot- chamber pcrmit.s der chamber, 
of the reduction of the windage in a ti. A slightly enlarged shot- 
degree which could not otlierwise chamber. 

be attained. In tliis gun the en- 4. A diminished windage in the 
largement is ’03 of an inch, the ■ bore of the gun. 
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Pneumatic Transmission of 
Telegrams. — H. S. Cullqy (Institu- 
tion of Civil Engineers.)— There are 
twenty-four pneumatic tubes in Lon- 
don, of an aggregate length of 17 miles 
1,1 GO yards ; four tubes in Liverpool, 
three in Dublin, five in Manchester, 
three in Birmingham, and one in 
Glasgow. Lead is preferred to iron 
as the material for the tubes. An 
experience of twenty-one years has 
shown that with felt message - 
holders, or carriers, there is no 
abrasion of that metal, which be- 
comes highly polished, and that the 
tubes are ^jractically air-tight, the 
exhaustion in one, 1,281) yard.s in 
length, occupying thirteen minutes 
in falling from 17 ‘25 inches of mer- 
cury to atmospheric pressure, in- 
eluding tlie leakage from the valves. 
Iron liad been used for two tubes, 
each 2,010 yards long, but it was 
found to rust rapidly, and to xvear 
out the carriers. In the Baris sys- 
tem the iron tubes do not rust, 
probably because the air in Baris is 
carefully cooled by water, aud heavy 
carriers of iron covered with leather, 
producing iiiuch friction, arc used ; 
while the air in London is used warm 
from tlie pum];)s, and the carriers are 
made as light as possible. 

The diameter adopted for the tubes 
isl2 j inches. The carriers are cylin- 
drical boxes of gutta-])crclia, covered 
with shrunk drugget ; their Avcight 
being 2f ounces. The trallicis regu- 
lated by electric signals. Stoppages 
are i*are, and arc cleared by filliug 
the tubes with water and applying 
pressure. It has never been neces- 
sary to open a lead tube, except in 
cases of bad construction, or of 
external injury caused by workmen. 
The engines are on the Wollf princi- 
ple, and in ordinary work expended 
134 I.H.P. The pumps are so ar- 
ranged that each can be set to com- 
press or to exhaust at pleasure, and 
the air-valves are fixed in sliding 
pieces, so that a defective valve can 
be quickly replaced. 


Experiment shows that the speed 
of a carrier driven by compressed air 
is greater when the pressure is cut 
off after each transit ; or, in other 
words, that there is a loss of speed 
when the air is kept constantly in 
motion. In the former case the 
carrier starts into a comparative 
vacuum at atmospheric pressure ; in 
the latter case into dense air ; con- 
sequently the higher the pressure 
employed the gi-eater the difference 
in speed — with 14 lbs. pressure the 
difference was 6 per cent. In work- 
ing by vacuum a reverse result is 
obtained. When compressed air is 
admitted into a long tube, or the air 
is pumped out of it, a sensible time 
elapses before the permanent condi- 
tion of the air pressure is established. 
In a tube 5,523 feet long this interval 
was forty-five seconds for the cud next 
tl)c air-jjump, and about seventy- 
five seconds for the centre of the 
tube. The temperature of the air 
issuing from a tube is not lowered 
to an extent coiTCspondiug with its 
expansion in the tube, because it 
gains heat from the soil in London ; 
but ill Berlin, where the tubes are 
bedded in dry sand, the theoretical 
tcmpcratiu’c is more nearly at- 
tained. Comparing a 3 -inch tube 
with a 2.j,-iuch, it was found that 
more than double engine power gave 
only 1(> per cent, higher speed in the 
larger tube, so that any increase of 
diameter above that actually neces- 
sary to carry the traffic in the re- 
quired time is attended with unneces- 
sary expenditure. Again, by doub- 
ling the pressure only 30 per cent, in 
time was saved, but thrice the engine 
power was needed. 

Gun Fog Signals.— In the con- 
struction of the guns from which the 
signals are lireu, a new^ .form of 
parabola has been tried in competi- 
tion with the cone-shaped muzzle, 
and is found to excel it at long 
ranges. It has also been proved 
that gun-cotton makes more noise 
than gimi^owder when equal weights 
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are need, and that a parabolic ro- returns of railw^ay accidents in the 
hector adds to the power of the gun- United States affords a ground of in- 
cotton as well as the powder. When ference as to the degree of carefulness 
largo charges, viz., lbs. of powder, and efficiency of the general manage 
fired from guns of various kinds, in ment in respect to preservation of pro- 
competition with 1 Ib.-chfirges of perty as well as safety of persons. T 
gun-cotton, which costs about the following compilation is made from 
same, there was found to be but official returns of those American 
little difference in intensity of sound. States which are, collectively, most 
Even 141 b. of gun-cotton was found analogous to the United Kingdom 
to give scarcely such good results as in population and railway traffic, 
the 3 lb. charges of powder. The favourable comparison with the 

Cotton Mills in India. — There returns for the United Kingdom will 
are 25 cotton mills in India in full probably be a matter of surprise to 
operation, working (iOO, 000 spindles many persons not familiar with the 
and 7,000 looms, The spindles i)ro- subject. It is to be ascribed chiefly 
duce about 130,000 lbs. of cotton to the lower rate of speed and the 
thrtkid a day, of which about 50,000 improved appliances adopted. On 
lbs. are used to produce cloth. These tlio other hand, however, it should 
mills are chielly in the Bombay be mentiojied that the Amcritjan 
Island, where a new spinning mill, returns indicate an amount of acci- 
jusfc opened hy a wealthy Hindoo, dents to persons other than passen- 
and working 25, ()()() spindles, makes gers or employe's largely in excess of 
a total of 17 working mills. Up tJie same item in the returns for the 
country there are several others. United Kingdom, though sufficient 
Extensions arc also rapidly going data on which to found an exact 
forward. Eight extensions are in comparison are wanting. This is the 
course of construction at Bombay, | result, almost entirely, of the prac- 
chiefly on share capital, and these I ticc in the States of allowing railway 
will provide for the working of at i lines to cross the highways at grade, 
least 40,000 more spindles and 1,345 and the common use of the lines as 
looms , — The Honieward Mail, footpaths by the public. Tlie fol- 

Accidents on English and lowing tabic gives the comparative 
American Railroads. — {The statement referred to 
The consideration of the 

Uniictl Ten Btatos. 

Miles of railway ..... 1 0,082 . 21,083 

Population 31,000,000 . 15,071,000 

Passengers during the year . . . 455,320,188 . 131,403,508 

Miles run by trains . . ... 194,240,092 . 101,248,050 

Passenger ..... 04,044,007 . 70,033,410 

Freight . .... 90,305,625 . 120,015,249 

Killed, passengers 100 . 00 

Ditto, employes 773 , 452 

Injured, passengers , . . - . 1,750 . 337 

Ditto, employes - , . . . 1,171 . 1,101 

Proportion of passengers killed or injured 1 in 238,387 . 1 iu 307,047 

Average number of miles run by trains 
for each passenger and employe killed 

orinjurecl . . . . . ^ 50,402 . 93,747 

The ten States are the six New 1 Petroleum in Turning Hard 
England States, New York,^ New t Metals. — M. L. Bechstein reports 
Jersey, Pennsylvania, and Ohio. 1 that it was required to turn with 
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the greatest precision a piece of 
work 29 centimetres in diameter, 
composed of a very hard alloy of ^ 
seven parts of copper, four parts of i 
zinc, aud one part of tin. Every j 
ordinary mode was. tried without ! 
success, when M. Bechstein liad the | 
idea of trying the effect of petroleum ' 
constantly applied to the cutting 
tools, and the alloy was then turned 
mth about the same ease as steel 
tempered to straw colour ; the latter, | 
says M. Bechstein, turns with the 
greatest ease when the cutters are j 
kept moistened with a mixture of j 
petroleum and turpentine . — English j 
Mrxhmiic, 

Fireless Locomotive. — S. 

i^ichault (J nno.lcs JndnstrkUcs). — At 
Seraing, in Belgium, the author has 
tested the power of a locomotive to 
work after the lire has been dropped. 
The conclusion he has drawn from a 
well- arranged series of exj>erimcnt8 
is, “that the employment of an 
ordinary engine, fed from a simple 
hot- water tank, for drawing cars 
along tramways is possible, and even 
easy, not only in theory, but iilso in 
practice.” His calculations prove 
very satisfactorily that engines with- 
out tire may be employed on our 
tram-roads, and with especial advan- 
tage in the imdergrouncl railways. 

Locomotive on Legs. — Fortin- 
Hermanu. — An engine has been tried 
on the French Eastern Kail way, in 
which the displacement is effected, 
not by motor wheels, but by veri- 
table articulated feet, which are suc- 
cessively applied to the ground. 
TVo of these feet act at the front 
part of the engine, and two behind, 
d'hey arc pressed on the ground by 
the action of steam, and a liorizontal 
engine produces, in suitable order, 
the oscillations of connecting rods 
joined to the feet ; so that the 
engine is pushed along. The feet 
are fitted with india-rubber shoes. 
There is a large increase of adhesion: 
so that wh^ithcr on rails, or on ordi- 
nary roads, a train four times 


heavier may he drawn by tho same 
force, and much steeper inclines 
may be ascended. Since the con- 
struction of his first machine of 
15 tons weight, the inventor has 
made some improvements (in a small 
model), increasing the number of 
feet, and making four of them per- 
form the trot and two others the 
amble ; the action is thus more con- 
tinuous, and tho stability of the 
machine increased, so that lateral 
wlieels are unnecessary. The loco- 
motive tried on the Eastern Kailway 
went only 7 or 8 kilometres in an 
hour ; but with the new arrange- 
ment, he liopes to accomplish 17 or 
20 kilometres. 

The Pioneer Railway.— Mr. 
Haddau {Iron ). — Tho construction 
of this “ pioneer ” railway is simple 
and ingenious. Instead of requiring 
the ground to be elaborately pre- 
pared for tho rails, and gradients 
carefully adjusted, it may be made 
almost anywhere, and involves little 
outlay. The carriages and engine 
arc in shape much like a couple of 
jianniers, and the railway on which 
tliey run answers to the donkey’s 
back, it being a single centre rail 
laid along an elevated narrow plat- 
form, which may be supported on 
tressels or merely on poles sunk well 
in the ground, as desired. In addi- 
tion to this centre rail, on which 
the carriages are hung, and where 
the real friction of the running and 
driving wheels is, there are two side 
rails which jut out on cross bars s® 
as to catcli a wheel running on each 
aide of the carriages below. These 
latter rails, answering to the sides 
! of the donkey or pack-horse, serve 
i to steady the train, and also supply 
j a means of applying additional grip- 
I ping power whereby the train can 
t’c pulled up steep inclines. This 
mode of construction necessarily 
causes all the carriages and the 
i engine to be divided into two* equal 
I halves, and thus cuts down tbe 
I stowage room, but enough seems to 



27a 


THE YEAK-BODX OF FACTS. 


are used, «nnd that a parabolic re- 
flector adds to the power of the giin- 
cottoil as Avell as the powder. When 
large charges, viz., .‘ilbs. of powder, 
fired from guns of various kinds, in. 
competition with 1 lb. -charges of 
gun-cotton, which costs about the 
same, there was found to be but 
little difference in intensity of sound. 
Even 14 lb. of gun-cotton was found 
to give scarcely such good results as 
the 3 lb. charges of powder. 

Cotton Mills in India. — There 
are 25 cotton mills in India in full 
operation, working (100,000 spindles 
tand 7,000 looms, The spindles pro- 
duce aliout 130,000 lbs. of cotton 
thread a day, of which about 50,000 
Ihs. are used to j^roduce cloth. These 
mills are chieliy in the Bombay 
Island, where a new spinning mill, 
just opened by a wealthy Hindoo, 
and working 25,000 spindles, makes 
a total of 17 working mills. Up 
country there are several others. 
Extensions arc also rapidly going 
forward. Eight extensions arc in 
course of construction at Bombay, 
chiefly on share capital, and these 
will provide for the working of at 
least 40, 000 more spindles and 1,345 
looms . — The Homeward Mail, 
Accidents on English and 
American Railroads. — (The, 
Titnes .) — The consideration of the 


returns of railway accidents in the 
j United States affords a ground of in- 
ference as to the degree of carefulness 
and efficiency of the general manage- 
ment in respect to preservation of pro- 
perty as well as safety of persons. The 
following compilation is made from 
official returns of those American 
States which are, collectively, most 
analogous to the United Kingdom 
in population and railway traffic. 
The favourable comparison with the 
returns for the United Kingdom will 
probably be a matter of surjirise to 
many i3ersons not familiar with the 
subject. It is to be ascribed chiefly 
to the lower rate of speed and the 
improved appliances adopted. On 
the other hand, however, it should 
be mentioned that the American 
returns iildicate an amount of acci- 
dents to persons other than passen- 
gers or employ (’S largely in excess of 
tJie same item in tlic returns for the 
United Kingdom, though sufficient 
data on which to found an exact 
comparison are wanting. 3''his is the 
result, almost entirely, of the prac- 
tice in the States of allowing railway 
! lines to cross the highways at grade, 
j and the common use of the lines as 
footpaths by the public. The fol- 
lowing table gives the comparative 
statement referred to : — 


ISTS. 

Miles of railway 

Topulation 

Passengers during the year 

Miles^run by trains 

Freight 

Killed, passengers , 

Ditto, employes 
Injured, passengers . 

Ditto, employes 

Proportion of passengers killed or injured 
Average number of niiles run l>y trains 
for each passenger and employe killed 
or injured ..... ^ 


United Kiinrdoni. 

U),()82 
31,000, ()()() 
455,320,188 
194,240,692 
94,944,067 
99,305,625 
160 
773 
1,750 
1,171 
I in 2.38,387 


50,402 . 


Ten Btates. 

21,(j83 
15,671,000 
131,493,508 
191,248,659 
70,633,410 
120,615,249 
90 
452 
337 
1,161 
1 in 307,947 


93,747 


The ten States are the six New 1 Petroleum in Turning Hard 
England States, New York, New Metals. — M. L. Bechstein reports 
Jersey, Pennsylvania, and Ohio. I that it was required to turn with 
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the greatest preeision a piece of 
•work 29 centimetres in diameter, 
composed of a very hard alloy of | 
seven parts of copper, four parts of 
zinc, and one part of tin. Every ; 
ordinary mode was. tried without | 
success, when M. Bechstein liad the j 
idea of trying the effect of petroleum 
constantly applied to the cutting 
tools, and the alloy was then turned 
with about the same ease as steel 
tempered to straw colour ; the latter, 
says M. Bechstein, turns with the 
greatest ease when the cutters are 
kept moistened with a mixture of j 
petroleum and turpentine. — English j 
Mt>.chn/)iic. \ 

Tireless Locomotive. — S. ; 
Pichault {Annales Indvstrlellcs), — At ; 
Seraing, in Belgium, the author has 
tested the pow'er of a locomotive to 
•w'ork after the tire has been dropped. 
The conclusion he has drawn from a 
well- arranged scries of experiments 
is, “that the emidoymeiit of an 
ordinary engine, fed from a simple 
hot-water tank, for drawing cars 
along tramways is possi])lc, and even 
easy, not only in theory, but also iu 
practice.” His calculations prove 
very satisfactorily that engines with- 
out fire may bo employed on our 
tram-roads, and with especial advan- 
tage in the underground railways. 

Locomotive on Legs.- -Fortin- 
Hermaiui. — An engine has been tried 
on the French Eastern Railway, in 
which the displacement is effected, 
not by motor ■w'heels, but by veri- 
table articulated feet, which are suc- 
cessively applied to the ground. 
Two of these feet act at tlie front 
part of the engine, and two behind. 
They are pressed on the ground by 
the action of steam, and a horizontal 
engine produces, in suitable order, 
the oscillations of connecting rods 
joined to the feet ; so tliat the 
engine is pushed along. The feet 
are fitted with india-rubber shoes. 
There is a large increase of adliesion; 
80 that whpthcr on rails, or on ordi- 
nary roads, a train four times 


heavier may he drawn by the same 
force, and much steeper inclines 
may be ascended. Since the con- 
struction of his first machine of 
15 tons weight, the inventor has 
made some improvements (in a small 
model), increasing the number of 
feet, and making four of them per- 
form the trot and two others the 
amble ; the action is thus more con- 
tinuous, and the stability of the 
machine increased, so that lateral 
wheels are unnecessary. The loco- 
motive tried on the Eastern Railway 
went only 7 or 8 kilometres in an 
hour; hut with the new arrange- 
ment, he hopes to accomplish 17 or 
20 kilometres. 

The Pioneer Railway.— Mr. 

Iladdau {Iron ). — The construction 
of this “ pioneer ” railway is simple 
and ingenious. Instead of rcc^uiring 
the ground to be elaborately pre- 
pared for the rails, and gradients 
carefully adjusted, it may be made 
almost anywhere, and involves little 
outlay. 'J'hc carriages and engine 
arc in shape much like a couple of 
j)anniers, and the railway on which 
tliey mil answers to the donkey’s 
hack, it being a single centre rail 
laid along an elevated narrow plat- 
form, which may be supported on 
tressels or merely on poles sunk well 
iu the ground, as desired. In addi- 
tion to this centre rail, on which 
the carriages are hung, and where 
the real friction of the running and 
driving 'v\dieels is, there are two side 
rails which jut out on cross liars s® 
as to catch a wheel running on each 
side of the carriages below. These 
latter rails, answering to the sides 
of the donkey or pack-horse, serve 
to steady the train, and also supply 
a means of apjjlying additional grip- 
ping power whereby the train can 
1*0 pulled up steep inclines. This 
j mode of construction necessarily 
I causes all the carriages and the 
I engine to be divided into two* equal 
' halves, and thus cuts down the , 
stowage room, but enough seotns to 
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men, although not intended for more 
than two. When filled with water 
it will still carry two meu. 

i^exaudra.^’ — The distin- 
guishing features of this vessel, which 
was launched last year, may be 
broadly stated to be powerful lire 
ahead ^ and astern from elevated 
batteries, viz. , two guns of 25 tons 
and two of 18 tons ahead, and two 
of 18 tons astern ; a powerful broad- 
side fire, one gun of 25 tons and five 
of 18 tons ; double screws (giving 
two means of propelling and two of 
steering), and a complete separation 
between the two sets of propelling 
machinery and boilers ; tlie estab- 
lishment of the entire heavy artillery 
of the ship in three separate ar- 
moured batteries instead of in one, 
or at most two, as is usual. The 
Alexandra^ to be fitted with four 
Martin’s self -canting anchors of 5 
tons each, and two of 47 tons each. 
The design for the ship was prepared 
under the supervision of Admiral 
Robert Hall, C.B., and Admiral W. 
Houston Stewart, C.B. The naval 
architect was Mr. Nathaniel Barnaby. 
The principal dimensions of the ship 
are : — Length between perpendi- 
culars, 325 feet ; breadth, extreme, 
(>3 feet 8 inches; depth in hold, 
IS feet 7^ inches ; burthen in tons, 
6040*5 5 displacement in tons, 9492'2 ; 
draught of water forward, 26 feet ; 
ditto aft, 26 feet 6 inches. 

Circular Ironclad.— E. J. Reed 
(Tiims). — The first of the Russian 
circular ironclads, the Novgorod^ has 
made passages in the Black Sea 
which' fully justify the Imperial 
(Jovemment in having adopted this 
form of vessel as one well adapted 
for providing very powerful naval 
defence for certain purposes. After 
steaming from Nicholaief round the 
south of the Crimea to the Circassian 
coast, thence back as far as Sevas* 
topol, and then on to Odessa, this 
extraordinary vessel has performed 
what was probably her chief object 
by entering the Sea of Azolf through 


the Straits of Kertch, where the , 
depth of water is but 14 feet, and 
where no other European ironclad 
carrying armour 11 indies thick and 
guns of 28 tons could possibly pass. 

1 do not wish what I have previously 
said, or am here saying, to be con- 
strued as an approval of these cir- 
cular ironclads for all purposes, and 
in all their details ; but 1 certainly 
think the performances of the Nov- 
goi'od are such as will excite the 
notice and admiration of many 
ilioughtful persons besides ship- 
)uilders, and will reficct great credit 
ujioii the Imperial R^ussian Covern- 
mont and their entorprising designer, 
Admiral Ropofi*. It is true that the 
Novgorod is not designed for, and 
does not attain, a high speed, but 
she has lately been steaming at eight 
knots, which is more than was in- 
tended, and she could have been 
made very much faster had sho 
been increased in size. It must bo 
remembered that although carrying 
the heavy armour and guns already 
mentioned, she is a comparatively 
small vessel, being of but 100 feet 
in diameter, and having a total dis- 
placement of only 2,500 tons, which 
is but one-half that of our OlattoUt 
and much less than one-fourth of 
our Ivflexihle^ or even of our Mino- 
taur. (She has engines of only 480 
horse-j)ower. Her cost, if built 
under like conditions with other 
ships, would be rouglily propor- 
tioned to her tonnage and horse- 
powder, from which the cheapness of 
such a vessel may be readily in- 
ferred. 

City of Berlin (Inman Line of 
Liverpool and New York mail 
steamers). — This vessel, the largest 
in the world {O rmt Eastern excepted), 
w^as built by Messrs. Caird and Co. , 
Creenock, launched Octoljer 27, 1874, 
the draught of water being — for- 
ward, 12 feet 9 inches ; aft, 14 feet 
3 inches. Dimensions : — Length, 
488 feet ; breadth, 44 feet ; depth 
to tonnage deck, 1 9 feet ; ditto to 
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upj,)€!r deck, 34 feet ; tounago under 
tonnage deck, 2,013 tons; gross, 
5,400 tons ; register, 3,130 tons; 
builder’s, 4,034 tons ; length over 
all, 512 feet ; builder’s number for 
vessel, 181 ; ditto for engines, 230. i 
Two engines, inverted cylinder 
principle ; cylinders, diameter re- 
spectively 72 and 120 inches ; length 
of stroke, 5 feet 0 inches ; 850 horse- 
power, 12 boilers, 30 furnaces, 2,130 
tubes. The accommodation for pas- 
sengers is 1,702, besides accoramoda- 
tion for a crew of 150 persons ; con- 
structed on the most approved 
principles forspend, combining large 
carrying capacity for cargo. During 
tl»c year she has made most rapid 
})assages to and from America. 

J )escription : — Demi-fcraalc lignre- 
licad, no galleries, elliptical stern, 
four decks, three masts, ship-rigged, 
standing bowsprit. 

Steering of Screw Steamers. 
— Prof. Osborne Ivcynolds (Britisli 
Association ). — In screw steamers 
the eOcet of the rudder depends on 
the direction of motion of the screw 
rather than on the direction of the 
motion of the boat. Wlien the 
screw is going ahead the steamer 
will turn as if she were going ahead, 
although she may be going astern. 
When the screw is reversed the 
rudder will act as if the vessel were 
going astern, although she may l>e 
moving forward at the time. The 
more rapidly the boat is moving in 
the opposite direction to that in i 
which the screw is acting, the more 
nearly will the two eflects on the 
rudder neutralise or destroy each 
other. When not breaking the sur- 
face the screw will not exert much 
tendency to turn the ship so long as i 
the rudder is straight ; but when 
breaking tlie surface the screw will 
tend to turn tlie stern of tlie boat in 
tlie opposite direction to that in 
which the tips of the lower blades 
are moving. When the boat is 
going ahead the effects of the screw 
will be easily counteracted by the 


rudder, but wiicn starting suddenly 
the effect of the screw may be greater 
than that of the rudder. 

Motive Power from Wave 
Motion. — Beauchamp Tower 
(British Association). — A heavy 
weight, supported upon springs, vi- 
brates in periods of the same length 
as the w^ave-periods. By means of 
gearing the motive power obtained 
from the rising and falling of the 
I weight is made to propel the vessel. 

Preservation of Life from 
Fire at Sea. — Messrs. Harris and 
I’aton. — A barge of between forty 
and lifty tons burden >vas fitted up 
so as to form a hold 30 feet long by 
8 feet wide, and about 10 feet deej), 
lined with sheet iron, and covered 
at the top by extemporised hatcli- 
w^ays. Along the entire length .and 
widtli of the liold cotton waste, 
shavings, and small wood saturated 
Avith oil and naphtha, were placeil 
to tlie depth of about 2 feet, and 
ignited on a given signal, within 
two minutes of which dense volumes 
of llamc and smoke issued from the 
open Jiatchways. The hatchways 
were then battened dowm, and the 
apparatus being set to work, tho 
tlames were completely extinguished 
witliin four minutes. The “pyro- 
lcter,”by means of which this result 
Avas effected, is a small pump, wliich 
draws from tubs placed on each side 
of it simultaneous supplies of mu- 
riatic acid and a solution of bicar- 
bonate of soda and water. Both 
mixtures then meet in a generator, 
and instantaneously pass into a 
“separator,” whence dry carbonic 
acid gas is evolved, and passes througli 
fixed pipes to the Locale of the hre, 
which it speedily suppresses. It is 
computed that 3 4 i)er cent, of car- 
bonic acid gas introduced into any 
place Avhere a fire is raging will be 
suflicient to extinguisTi it. The 
proportion of chemicals required to 
be carried is one pound of each per 
tonuage measurement, which for a 
ship, say of 1,200 tons burden^ 
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M'oud cost from £20 to £30. Tlio 
chief merit of the invontiou is that 
a fire can be readily extinguished 
hy dry gas, and without the smallest 
injury to the cargo. Experiments 
made with this fire anuihilator have 
been very successful. 

Progress of the Electric 
Telegraph. — Latimer Clarke (8o- 
ciety of Telegraph Engineers). — 
III 1870 the English Telegraph sys- 
tem was transferred to the Post 
Office. It is estimated that in the 
days of the telegraph companies the 
total number of messages in a year 
did not exceed 0,000,000 ; in 1871, 
the number had been increased to 

11.000. 000; in 1872 to nearly 

15.000. 000 ; in 1873 to upwards of 

17.000. 000 ; and in the year (1874) to 

10.100.000. The number of miles 
of wire possessed by the l*ost Office 
at the present time is upwards of 

106.000, in addition to 1,500 miles | 
of submarine caliles. The number j 
of postal telegraph offices now open I 
is 5,572, and the number of instrii- ' 
ments worked by the Tost Office 
exceeds 9,200. 

The 81-Ton Gun.— Thisgigantio 
piece of orduauce is 27 feet in length 
outside, and has a bore of 24 feet. 
It was originally 141 iuches in dia- 
meter, but is now being inereased 
to 16 inches. The outside width at 
the muzzle is 2 feet, and at the 
breech 6 feet. In September last 
the gun was tested at Woolwich 


with charges of pebble powder, in- 
creasing from 170 lbs. to 240 lbs. ; 
the weight of the shot varying from 
1,254 lbs. to 1,260 lbs. Each grain 
of the powder is 1 4 inches square, 
and the cartridge resembles a huge 
sack of coals. 

The cartridge was placed in the 
uu and rammed home by half-a- 
ozen men, with a steel rammer. 
Next came the shot, a solid bolt of 
iron, with flat ends, and eleven spiral 
rows of brass studs to fit the rifling 
of the gun. 

The gun was fired by electricity. 
The saud rose in a column to an im- 
mense height, and at tlie same time 
a well-defined ring was seen whirl- 
ing away from the muzzle of the 
gun, au(l passed over the river with 
a noise as great as would have been 
made by a shell. This was only 
seen after the first shot. The pro- 
jectile went 40 feet into the saud. 
'Jflic recoil was aliout 29 feet (on 
an inclined tramway), and the 
“energy” was ascertained to be 
fully 20,000 tons. 

It is expected that when the ulti- 
mate capacity of the gun is attained, 
it will be able to send a shot through 
a 24-inch iron plate at a range of 
ten miles. The velocity of the shot 
proved to he 1393 feet per second. 
The weapon cost 8000^., and the 
cost of each discharge is from 20^ 
to 25 ^. — Grcqjhi 
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Alexandra Palace.— On May 1 
last the new palace on Muawell 
Hill was inaugurated by the Lord 
Mayor. The new building is a vast 
improvement upon the old one in 
size and accommodation; it covers 
74 acres of ground ; the central 
transept or great hall will seat 
12,000 persons; the building includes 
a theatre and a concert room, be- 
sides picture galleries, a reading 
room, a conservatory, and an open 
Italian garden. To the westward of 
the palaoe in the park, is the 
Japanese village, removed from the 
Vienna Exhibition, and re-erected 
by Japanese workmen. North of 
the p^acc are several ornamental 
lakes, on one of which a water vil- 
lage has been erected on piles. In 
another part of the grounds is a 
Norwegian house, and the park is 
dotted over with small Swiss chfllets. 

Smith’s ‘‘Assyrian Disco- 
veries.” — {Nature ). — Since 1800 
George Smith has periodically 
published some of the discoveries 
ne mad© among the fragments of 
the terra cotta inscriptions depo- 
sited in the British Museum. His 
most startling discovery, however, 
he communicated in a paper read 
before the Society of Biblical Ar- 
clueology, December J, 1872, wliicli 

f ives the Chaldean account of the 
)eluge, and which he deciphered 
on the tablets of the Assyrian 
library discovered by Layard. In 
consequence of the great interest 
excited by these finds, the pro- 
prietors of the Dally Tclcyraph 
laced a thousand guineas at Mr. 
mith’s disposal, to undertake fresh 
researches at Nineveh. It was no 
easy task for him to go over the 
same ground and reopen trenches 


in the same localities so successfully 
worked by his predecessors. Still, the 
field of research is so extensive, and 
the hidden palaces are so numerous, 
that even now far greater treasures 
may be exhumed than those wliich 
liave already been reclaimed by the 
French and English explorers. In 
less than four months he found on 
the sites of Kouyunjik and Nim- 
roiid, over tliree thousand inscrip- 
tions and fragments of inscriptions, 
besides many other objects of anti- 
quity. The great object for which 
Mr. Smith undertook this expedi- 
tion, namely, to recover, if possible, 
some of the missing portions of the 
inscribed terra cotta tablets he had 
deciphered in the British Museum, 
was thoroughly achieved. Among 
the discoveries he made at Kou- 
yunjik is a veritable fragment con- 
taining the greater portion of seven- 
teen lines of inscription which belong 
to the first column of the Chaldean 
account of the Deluge, completing 
the fonly place where there was a 
serious lacuna in the story. 

Izdubar, the hero of these legends, 
is a giant who has a court, a seer 
or astrologer, and officers. Having 
lost his seer, and being unable to 
replace him, ho determines to seek 
counsel of Hasisadra, the sage who 
escaped the Deluge. After pro- 
tracted M'anderings tlirough fabu- 
lous regions, he at last alights upon 
Hasisatlra and his wife, and inquires 
of the sage how he became immortal. 
The sago thereupon tells Izdubar 
the story of the flood, and of the 
vessel which ho built according to 
the directions of Hea, to save him- 
self and his belongings from the 
universal deluge which the gods 
l>rought upon the earth to destroy 
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the human family because af the 
wickedness of the children of men. 
This deluge lasted six days, and on the 
seventh day the storm ceased, when 
the vessel was stranded for seven 
days on tlie mountains of Nizir. 
At the end of the second hexa-lie- 
meron, Hasisadra sent forth some 
birds to ascertain the state of the 
ground, the description of which 
we give in the language of the 
legend ; — 

“ On the se.vontli day in the (‘onrse of it 

1 sent forth a dovo aiid it left. The dove 
went and tirnied, and 

A resting-place it did not llnd, and it 
returned. 

1 sent forth a swallow and it left. The 
swallow went and lunuid, juid 

^ resting-plae.o it did not liud, and it 
returned. 

I .sent forth a raven and it left. 

The ravtiu went, and the corpses on the 
waUu’ it saw, and 

It did eat, it swum, ajid wandered away, 
and did not retnni. 

I sent the animals foidli to the four winds, 
I i>onved out a libation, 

I built an altar on the i»eak of the inoun- 
taiu,‘ 

By seven herb.s I cut, 

At tlie. bottbm of them I placed leeds, 
pines, and sinigiir. 

The gods eolleeted at its burning, the 
gods eolleeted at its good hnrning ; 

The gods like Hies over the sacriliee 
gatliered.” 

The Parthenon.-— Those iute- 
rested in ancient historical relics 
will be sorry to learn that the I’ar- 
thenon at Athens is heiug shock- 
ingly wrecked and ruined. Tourists 
every season visit it, knock off limbs 
of statues, pull down portions of the 
frieze which Lord Elgin left, and, 
clambering up with hammer or 
stone, break off bits of the Doric 
capitals. These capitals are painted 
with rows of leaves, which are suj)- 
jK)sod to be bent double under the 
weight of the architrave, and rclic- 
Ininters seem to be especially fond 
of chipping this portion of tho 
masonry. Not long ago a tourist 
knockfed off the finger of one of the 
finest statues, as ho wislied to add 
to his private collection of curio- 


sities at New York. The Greeks 
have almost completed a museum at 
the back of the Acropolis, but the 
work has come to a stand-still for 
lack of money. This fact has only 
to become known among artists and 
art-lovers in this country, and 
doubtless immediate steps will be 
taken to preserve that noblest rem- 
nant of Greece in her glory — the 
Parthenon. 

In 1802, Lord Elgin visited the 
Pirjeus, and carried away from the 
Acropolis of Athens a large collec- 
tion of sculptures, friezes^ and other 
antiquities. These were packed in 
seventeen cases, and embarked on 
board tho Mentoi\ which was over- 
taken by a storm off Avlemona, in 
the island of Cythera (Cerigo), 
where three days after she sank 
during a violent tempest. Lord 
Elgin wrote to the Admiral at Malta 
asking for assistance, which shortly 
arrived in tho form of a number of 
divers from Galymnos, who suc- 
ceeded in recovering twelve out of 
the seventeen cases. The antiquities 
which were saved were placed in 
the British Museum, but the other 
live cases have remained hidden be- 
neath the waves until tho present 
time. M. Makoukas, a gentleman 
residing at Cerigo, has, says The 
Levant Jleraldy sent a report to the 
Arch ecological Society of Athens, 
stating that these marbles are 
plainly visible lying on the bottom 
of the sea, at the depth of about 
10 fathoms (1)0 feet). It is thought 
that with the present diving ap- 
pliances these marbles wiU be easily 
recovered. 

German N'ational Monument 
to Hermann, or Arminius, - 

The inauguration of a gigantic 
statue to the deliverer of Germany 
from the power of the lioman, in 
the earliest ago of her existence as a 
nation, was celebrated last August 
amidst unwonted entliusiasm and 
rejoicing. This statue is a great 
nation’s expression of its hero-wor- 
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sliip. Ernest von Bandel, the 
veteran German sculptor, who has 
at last seen the accomplishment of 
liis lifelong work (he made the first 
sketch for the Hennatin monument 
in 1819), has been more successful 
in his endeavour after typical gran- 
deur than most of the modem sculp- 
tors of Germany, who seem to have 
been trying of late to attain sublimity 
simply by making their statues of 
Germania of larger and larger dimen- 1 
sions. The Hermann statue is more [ 
than usually colossal, measuring as 
it does from the feet to the point of 
the uplifted sword no less than 
eighty-five feet ; but it has other 
claims than its size upon attention. 
Herr von Bandel has worked at it 
almost entirely with his own hands 
through years of neglect and j)ublic 
indifference, often spending his own 
money, it is said, upon the necessary 
expenses ; for it was not until public 
patriotism was aroused by the 
events of the late war that the 
nation felt any great interest in his 
work. Now, at last, however, it is 
recognised as a noble achievement, 
and duo honour paid to the persever- 
ing and single-minded artist. The 
gigantic statue itself is of cased 
copper, and represents the old Gor- 
man chieftain with \iplifted sword 
and inspired strength accomplishing 
the mi^ty deliverance of his nation. 
It is raised in the very forests where 
the memorable defeat of the llomaus 
took place so many centuries ago, 
and is placed on the top of a hill 
where it can be seen for many miles 
around. The pedestal on which it 
stands is in the form of one of the 
circular temples with round arches 
and massive pillars l^elonging to 
early German architecture. 

India Museum. — The India 
Museum, which was opened in 
♦South Kensington in June last, was 
founded by the Court of Directors 
of the Honourable East India Com- 
pany in 1798. In 18(10 it was re- 
moved from Leadenhall Street to 


Fyfo House, and in 1869 to the 
India Office. The galleries of the 
Exhibition Building, in which it is 
now, temporarily lodged, have been 
leased from H.M. Commissioners for 
the Exhibitioners of 1851 for three 
years. The lower gallery is devoted 
to Raw Products, and the upper 
gallery to Manufactures. 

Louise Lateau “Stigmata.’’ 
— The Royal Academy of Medicine 
at Brussels has given its opinion on 
this so-called “miracle.” Louise 
Lateau, it is said, by divine assist- 
ance, abstains from taking food, 
and has done so for years together. 
Moreover, this miraculous creature 
has some wounds in her hands, side, 
and feet, which are said to be true 
representations of those of Christ, 
and which bleed profusely every 
Friday. The opinion of the Brussels 
Academy is as follows Louise 
Lateau works and recpiires heat ; 
every Friday she loses a certain 
quantity of blood by her wounds. 
When she breathes, she exhales 
water vapour and carbonic acid ; her 
weight has not decreased since she 
has been observed ; she therefore 
consumes carbon which is not 
furnished by her system. Where 
does she take this carbon from ? 
Physiol(^y simply replies, ‘ She 
eats.’ Tlie allegetf abstinence from 
all food of Louise Lateau is contra- 
dictory to all physiological laws ; it 
is tliereforo hardly necessary to prove 
that this abstinence is an invention. 
Whoever alleges that Louise Lateau 
is not subject to physiological laws, 
must prove it ; until this is done 
physiology will denote the miracle 
to be a deception. Could Louise 
Lateau be closely observed night and 
day by scientific men, the deception 
would soon come to light. It is of 
no use to talk of miracles, even when 
eleven doors are shut against deceit, 
as long as tlic twelfth is left open.” 

Submarine Telegraph Cables. 
—The cntii^c length of tJio subma- 
rine cables that have boon laid is 
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about 70,000 miles, of whicb 60,000 
miles are iu use, and 58 caWOft of 
20,000 miles len^b have become 
useless. Previously to 1865 uo 
cable was tested under water after 
being manufactured, and each had 
only a sheathing of light iron, weigh- 
ing about 1,500 1b. the mile; this 
sufficiently explains the abandon- 
ment of so many cables. Among 
new cable lines projected are the 
following : — Prom San Francisco to 
Yokoliama, by Honolulu and the 
Midway Islands (this would com- 
plete the “ffirdle”) ; from Panama 
to Payta, Ecuador ; from Pisco, 
Peru, to Vali)araiso ; from Sydney 
to Wellington ; from Aden to Mau- 
ritius ; from Mauritius to Natal and 
Algoa Bay ; from Honolulu to the 
Fiji Islands ; from the Fiji Islands 
to Mauritius ; from Porto Rico to 
Trinidad. The speed of telegraph- 
ing now attainable with the Atlantic 
cables is 17 words a minute in 
ordinary work, but for experi- 
ment’s sake 24 words can be sent. 
With the cable of 1858 the highest 
speed realised was 2^ words per 
minute. 

Some idea of the ramifications of 
the electric telegraph may be ga- 
thered from an experiment success- 
fully accomplished in London last 
year. Captain Sartorius, tlien in 
Teheran, wished to test his chrono- 
meter, and to check with absolute 
correctness its time in Persia with 
Gr,eenwich time. To do this it was 
necessary to have a clear line from 
Teheran to London, a distance by 
“ wire ” of nearly 4, (100 miles. After 
getting the German relays into satis- 
factory order (the lines come through 
Berlin), the signal was made several 
times to insure accuracy, with the 
result that the watcli was found to be 
two seconds slow by Greenwich time. 

Electric Clock.— Professor 
Wheatstone’s electro-magnetic clock 
has been applied to the Clydesdale 
Bank, the Royal Institution, etc. 
This ingenious and interesting piece 


of iUeohanistn, ' though . not indi^ < 
eating the “ time ef day by any 
index of its own, ib so arranged as ^ 
to control the movements of any 
number of ebnneoted clocks * by ^ 
means of magnetic currents; A ' 
hollow obil is made to oscillate to 
and fro over magnets Opposed, and 
thus creates a current f Faraday -s 
magneto-electricity), which is re- 
peated as often as the coil 'passed 
over the poles. A pondorofns weight 
supplies the original motive power. 
This weight acts by cog- wheels upon 
a pendulum carrying the odils and 
working between two piles of mag- 
nets, a current of electricity being 
drawn from each set in turn. By 
the agency of spiral wires this cur- 
rent is conducted to the clocks (iu 
the Clydesdale Bank, sixtoeh, in the 
Royal Institution, twenty-twm in 
number), placed in different parts of 
the premises. Each dial has a 
miniature coil connected with the 
central magnetic pile which forces 
a needle to revolve by alternate 
currents just as the needle of a 
compass would do were tlie same 
influence brought to bear upon 
it. This’ needle guides and con- 
trols wheels, the pivot rods of 
which are extended to the front of 
the dial where the hands are joined 
on in the ordinary way. Gf course, 
it is absolutely necessary to main- 
tain the accuracy of the central 
machine, and this is obtained by 
establishing electrical communica- 
tion between the pendulum at the 
bank and the Observatory clock at 
Howanhill. Should the machinery 
in the bank move too fast it may 
be regulated every two hours by an 
electric current freeing a lever Wmch 
has the effect of stopping the iha- 
chinery during the space of timb it 
may be iu advance. Accurate time- 
keeping is thus maintaihed in the 
central and dependent machinery. 

Royal Westminster Aqua- 
rium. — The dimensions of the 
aquarium, as designed by Mr. A, 
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Bedborough, the architect, is about 
600 feet long by 240 feet in depth at 
the widest part. The building is in 
the classical style, constructed of 
red brick and Portland stone, with 
an arched roof of glass, similar in 
general plan to that of the Cr^tal 
Palace. It is two stories in height, 
and contains in the basement a great 
central tank of salt and fresh water, 
holding 600,000 gallons. The water 
will be kept in constant motion, and 
made by a steam-engine to pass con- 
tinually through a series of small 
tanks. It is expected, by the inces- 
sant action of the machinery, that the 
water will be kept fresh for ten years, 
even if not renewed by additional 
supplies from time to time. The 
salt water in the tanks of the aqua- 
rium at Hamburg is found to be quite 
pure at the end of thirteen years. 

On the ground floor at the eastern 
end is a large antechamber leading 
to the Central Hall. It contains a 
series of table tanks to hold the 
smaller fish, the zoophytes, sea-ane- 
moues, &c. In the Central Hall, 
which is 475 feet long, are seats for 
visitors, groups of statuary, and two 
large fountains. Flower-beds divide 
it from the aquarium tanka in what 
may be called the side aisles, and 
creepers and evergreens will be 
trained up the columns. The ascent 
to the first-floor galleries is by stair- 
cases similar in plan to those at the 
Crystal Palace. On the north side 
of the hall is an organ and an or- 
chestra, capable of containing 1000 
performers. The entire roof is of 
glass. A reading and writing-room 
and a library will be opened for the 
use of visitors and subscribers. 

Where We Deal.— 

In the year 1871 we imported foreign 
and colonial merchandise, for con- 
sumption or resale, of the value of 
above 370 millions sterling, and we 
exported produce of the United 
Kingdom of the value of nearly 240 
millions, making a total of nearly 
610 millions. The bulk of this vast 


trade — above 500 millioils of it-- 
was with 16 countries : — with the 
United States, 102 millions ; with 
France, 63 millions ; with British 
India, above 55 millions ; with 
Germany, nearly 45 millions ; with 
Australia, nearly 38 millions ; with 
Ilussia, nearly 30 millions ; with 
Holland, 29 millions ; with British 
North America, above 21 millions ; 
with Belgium, 21 millions ; with 
China, above 20 millions ; with 
Brazil, nearly 15 millions ; with 
Eygpt, 14 millions ; with Spain and 
Canary Islands, above 13 millions ; 
with Turkey, nearly 13 millions ; 
with Sweden, nearly 12 millions ; 
with Italy, 10 millions. Holland 
and Belgium serve, in part, as gate- 
ways for a trade really carried on 
with Central Europe, and Egypt for 
trade with the East. The 16 coun- 
tries above named do not stand in 
the same order in the amount of 
imports and exports. In 1874 we 
imported merchandise from the 
United States of the value of nearly 
74 millions sterling, but exported 
tbither our own produce to the value 
of not quite 2Sj millions. Our im- 
ports from France exceeded 46 
millions, but our own exports thither 
were not very much over 16^ mil- 
lions. Our imports from British 
India exceeded 31 millions ; our ex- 
I>orts thither were a little over 24 
millions. On the other hand, our 
imports from Germany were below 
20 millions, but our exports thither 
were nearly 25 millions. Oiir im- 
ports from Australia were less than 
19 millions, our exports thither were 
rather over 19 millions. Our imports 
from Bussia reached nearly 21 mil- 
lions ; our exports thither not 9 
millions. Our imports from and 
exports to Holland were nearly 
equal, both exceeding 14 millions. 
Our imports from British North 
America reached nearly 12 millions, 
our exports thither not 9i millions. 
Our imports from Belgium exceeded 
15 millions, our exports thithe^: 
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were below ^ malUons. Our inopoyts 
from Chiua were nearly 12 millions, 
our exerts thither were less than 
8i millions. Our imports from 
Brazil amounted to 7 millions, our 
exports thither were larger by nearly 
£700,000. Our imports from Egypt 
were 10^ millions, our exports 
thither little more than 3^ millions. 
Our imports from Spain exceeded 
9 millions, our exports thither were 
less than half that amount. Our 
imports from Turkey were below 
6 millions ; our exports thither ex- 
ceeded 7 millions. Our imports 
from Sweden were 84 millions j our 
exports thitlier were less than 34 
millions. Our imports from Italy 
exceeded 34 millions ; our exports 
thither were nearly millions. 
Our imports from the 10 countries 
in 1874 amounted to nearly <109 
millions sterling, and our. exports 
thither of our own produce exceeded ; 
191 millions, without indudiog Our 
exports of foreign and colonial 
goods. 

Japanese Antiquities. At 
Kara, an old capital of the Mikados, 
is an immense wooden barn, built 
by one of the kings of the eighth 
century, where he placed all the 
treasures of his palace previous to 
the removal of the Government to 
Kiyoto, where it has been ever 
since. The treasures have been 
from time to time inspected, and have 
now for the first time, after lying 
for 1,100 years, been brought out, 
and are exhibited in the great 
temple of Baibutz. Such a collec- 
tion of authentic antiquities, illus- 
trating one era, certainly does not 
exist in any other part of the world. 
There are books, screens, pictures, 
sculptures, pottery, metal vessels, 
masks, fans, weapons, ornaments, 
beads, tortoiseshell objects, and 
soap (!) in large cakes. One packet 
of Chinese paper, not written on, 
looks as clean and fresh as if it 
had^ been just brought from a 
stationer’s. Some of the screens 


Auvbphztures^ are adittle ttlfie wwo 
for years, but„,. as a ^rule,; all Jlie 
objeots.arre in tlie most peji^ct, .pre- 
servation, ^ . Amongst tfee is 

a white, ewer, about a foot/ high, 
which Ipoks mure modern thah’^ie 
eighth century. It is asserted Jlipw- 
evQT, by au; antiquary ;who is -en- 
gaged in descilbing tli® coHap^u , 
that tlxis ewer is one i)f ohje^ts 
entered in the original list .cata- 
logue which waS: deposited from 
the first.. These antiquities.’,are 
exiiosed in the inner hall of, tlie 
temple of Baibut?;, a qolpssris.jof 
bronzcj 53 feet, high. ,Th® old b«rn 
in which the Alikado’s , treasures 
were preserved js a most remarkable 
building. It is composed, of - solid 
timbers, woven and dovetailed., to- 
gether, and rests upon pdlars fer^od 
of. stout trunks of trejcs. pightjpr ton 
feet high, so that tlm. aiv- passes 
underneath. .It stands op -thp i^ide 
of the ,hil), and, -has ^ oeep^-kept 
dry by thp constant winds-^dapan 
is the windiest of fM>.nntries...(.This 
alone pan explain the preserrjation 
of such perishable ojjijects ae paper. 

legend of Sakyn 

.iSamuef EeaL-r-Thos© .wlm .fiMfO -ac- 
quainted Wfith (the ,',pjd .CJiriistiau 
, legend of ^rlaw and J osephati : will 
recognise in the most striking inci- 
dents of Buddha’s early life the 
original of that narrative. Buddha, 
like Josephat, was born of royal 
parents, who employed every device 
to secure him against even a know- 
ledge of the disease and misery with 
which he was surrounded in the 
world. Every form of voluptuous 
pleasure was provided for him within 
the walls of the palace. Only the 
young and beautiful of the two sexes 
were admitted to be his playfellows. 
AU his whims were eagerly gratified, 
and no source of earthly joy was 
withheld from him. But in the 
midst of these fascinations the 
youth’s good genius, the Bevaputra 
T’so Ping, imparted to him a desire 
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to visit the outer world. No sooner 
was his wish made known to the 
king his father, than orders were at 
once issued that everything which 
might suggest to the prince the 
existence of old age, disease, or 
death, should be removed from the 
city. But again the Devaputra T’so 
Ping interfered, and caused an old 
man with shrivelled skin, a bald 
head, and a body bent down with 
age and infirmity, to appear liefore 
the prince. ** What human form is 
this, so miserable and so shocking 
to ^hold ? ” inquired the prince of 
his coachman. “ Great prince ! this 
man is what is called old,” replied 
the servant, who, in answer to 
further questions, explained that 
old age, which is but a prelude to 
death, is the lot of all who survive 
youth and middle age. On hearing 
this the prince returned to the palace 
sick at heart, and, though he again 
entered into the enjoyments pro- 
vided for him, it was not with the 
same thoughtlessness as formerly. 

Thrice again, at the instigation of 
T’so Ping, he passed beyond the 
palace walls, and, on these occasions 
ne met respectively a sick man, a 
corpse being carried to the grave, 
and a shaman. The first two sights 
filled him with horror, and he re- 


turned to his apartments shocked 
and distressed. But his interview 
with the shaman brought peace and 
comfort to his troubled spirit, and 
he determined from that tune forth 
to learn to look upon “all objects 
of sense as impermanent, to think 
no evil, and to do none ; but, on the 
contrary, to benefit all creatures by 
his life and teaching. The king, on 
hearing of this decision on the part 
of his heir, was exceedingly dis- 
tressed, and directed that every 
form of sensual pleasure and delight 
should be thrown in the way of the 
jjrince to dissuade him from his 
purpose, but all to no avail. The 
holy desire which inspired hini, en- 
abled him to see the canker which 
was at the root of every earthly joy, 
and to perceive the vanity of plfea- 
siu-e. His (letermiuation, therefore, 
being unshaken, he arose at the dead 
of night, and, mounting his home, 
Kautaka, left his father’s house for 
ever. 

Having thus launched himself on 
the world, he steadily prosecuted 
his pursuit after holiness, and at 
length “attained to the perfect state 
of enlightenment,” and freed himself 
from the “bondage of all impure 
desires.” 
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